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ABSTRACT 
The Differential Surface Refractaneter (DSR) is an instrument recently 
developed at the Glass Research Division of the Pittsburgh Plate Glass 
Company to detect and eatimate the stress in the surface layers of glass by 
nondestructive means. This work shows a correlation between the instrument 
readings and experimental break strength date for glass of different ccmposi- 
tions and configurations. In addition, the utility and some of the limitations 


of the instrument are discussed. 
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INTRODUCTION 


Numerous attempts have been made in the past to determine the strength 
of tempered glass by nondestructive examination of the finished product. 
The results of these attempts, however, were not accurate enough to be of 
practical value and, in general, the strength of glass had to be found by 
the destructive testing of a large number of samples. With the development 
of the Differential Surface Refractometer, we believe the nondestructive 
evaluation of the strength of tempered glass is now possible. 


The breakage of glass takes place under tension, and in general, the 
degree of tension required to cause failure is controlled by the preserice of 
surface flaws. The surface condition has a considerablé influence on the 
strength of glass; the stability of glass is. dependent upon the magnitude 
and distribution of these surface flaws so that under ordinary conditions, the 
strength of a piece of glass is determined by the strength of its surface. 
The dependence of strength on the distribution of flaws explains. the large 
variations obtained in any determination of the modulus of rupture. Due to 
this variation, the strength of glass is a property which has a meaning only 
in a statistical sense. Hence, in this sense, the strength of annealed glass 
of a given production process can be expressed in terms of a critical or 
basic tensile stress. The tempering of glass causes the surface to be 
placed in a state of compression which has to be overcamie before the glass 
surface can be subjected to a tensile stress of sufficient magnitude to 
cause failure. As a result, the strength of glass is increased by the 
presence of compressive stresses on thé surface. This strength or modulus 
of rupture of tempered glass may be assessed as the -sum of the basic strength, 
i.e., the stress requiré¢ to cause failure in the absence of compressive 
forces on the surface, plus the compressive stress. induced by the tempering 
process. Therefore, with a knowledge of the basic strength, the ability to 
measure the degree of surface compréssion present 6n glass by nondestructive 
méans would. provide a method of détermining glass strength: 


Among the optical methods investigated over the past decade for the 
nondestructive evaluation of the strength of tempered glass, surface refrac- 
tometry was found to be particularly well suited for the quantitative measure- 
ment of the surface compression of tempered glass. The Differential Surface 
Refractometer (DSR), an instrument based on the principles of surface 
refractanetry(1 » Was recently developed at the Pittsburgh Plate Glass 
Campany, Glass Research Center, expressly for this purpose. After suitable 
calibration, the DSR is capable of measuring the degree of surface compression 
present on tempered glass directly in pounds per square inch. 


The primary intent of this report is to show a correlation between the 
DSR and the strength of glass of various compositions and configurations 
through the use of experimental break strength data obtained in the laboratory. 
Specifically, the following table lists the types and thicknesses of glass 
that were investigated: 


Manuscript released by the author 5 June 1904 for publication as an RID 
Technical Documentary Report. 


TABLE 1 
GLASS TYPES INVESTIGATED 


Thickness Degree of Temper 

in Inches None (Annealed) ie Sh Full 

1/10 to 3/16 E es < D and 
3/16 A A A A 
1/4 A and B A and B A and B A and 
1/2 A and B A and B A and B A and 
Wh A - - A 


Legend: Type of Glass 


A - Type I MIL-G-25667, polished plate glass obtained from Pittsburgh 
Plate Glass Company. 


B - Alumino Silicate, high strain point glass No. 6695 obtained from 
Pittsburgh Plate Glass Company. 


D - Chemcor, code 0311 glass obtained from Corning Glass Company. 


E ~ Herculite II, No. 7265 glass obtained from Pittsburgh Plate 
Glass Company. 


In addition, the utility and some of the limitations of the DSR were 
determined... te ; , 5H 


CORRELATION REQUIREMENTS 
In order to correlate the readings of the DSR with the strength of 


tempered glass it is necessary to determine the following information for 
each glass type listed in Table 1: 


(1) The DSR calibration value for the glass. 


(2) The basic strength of the glass, i.e., the strength of she 
glass in the annealed state. 


(3) The degree of surface compression present on the tempered 
glass by means of the DSR readings. 


(4) The breaking strength, or modulus of rupture, of the tempered 
glass. 


From this data we would want to show the following equation to be valid 
within the limits of experimental accuracy: 


{ Basic } , { DSR Reading of }- Geto of 
Strength Surface Compression, Rupture 


pe RE “AO eee SEALE Peete 


Of course, the three components of this equation are to be interpreted 
statistically and each component would represent the mean result obtained 
in the examination of a number of samples. 


PROCEDURE 
Adaptation of the DSR to Other Glass Types 


Since the DSR was originally designed to operate specifically on plate 
and sheet glass of a given index range, some slight changes were required in 
the basic design of the instrument to extend its use to the other glass types 
investigated in this work. This was necessitated by the different indices 
and/or the magnitudes of stress which are characteristic of the other glass 
types. As a result, three different instruments were used in this study. 

The basic design, the DSR, was used on Type I MIL-G-25667 glass (polished 
plate); the Modified Differential Surface Refractometer-I, or MDSR-I, was 
used for the measurement of surface compression on both Chemcor and Herculite 
II; and, the MDSR-II was used for the examination of the Alumino Silicate 
glass. 


Calibration 


The DSR, suitably modified for each glass type when required, was 
calibrated by subjecting fully tempered samples to mechanical beam loading. 
Loading was applied in suitable inc:rements; at each load increment, a 
corresponding reading of the DSR instrument was made. The DSR reading was 
compared with the induced stress calculated fram beam bending theory. From 
tris data, the surface compression of the sample at zero load was estimated 
using the method of least squares. Dividing the value obtained for the 
surface compression at zero load by the DSR reading for the same condition 
gives the instrument's calibration value, K, in psi per micrometer eyepiece 
unit, for each sample. 


In addition, the stress-optic constant for each glass type was determined 
by measuring the difference between the surface refractive indices, n, and 
n,, for light polarized parallel and perpendicular to the surface of the 
stressed sample, respectively. The stress-optic constant C, in psi per unit 
birefringence, is given by 


C20 /n, = n, 


where o is the surface laminar stress. 


The difference n, - n, used to calculate the stress-optic constant is 
measvred directly with the DSR. This direct measurement of n, - n, is more 
accurate, to at least’an order of magnitude, than the measurement of n, and 
n, separately and then forming the difference. The separate surface indices 
were also measured, however, to give an indication of their relative values. 


These results are summarized below in Table 2. 
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TABLE 2. 
SUMMARIZED MEAN CALIBRATION RESULTS 
calibration Streas-Optic 
Surface | Value, K, Constant**, Surface 


Stress |psi/Eyepiece| Standard C, psi/Unit Indices 
Glass Type | Instrument Unit Deviation| Birefringence} Mm _ nn 


Type I DSR 60.18* 0.41 5.4 x 107 11,5246 1.5250 
MIL-G-25667 

Chemeor MDSR-I 173.4 * 13. 4.4 x 107 11.5121 1.5130 

Alunino MDSR-ITI 167.2 * 2.5 5.8 x 107 |1.5576 1.5580 
Silicate 

Herculite II} MDSR-I 189.3 * ll. 5.0 x 107 }1.5142 1.5153 


*The relative differences in the magnitudes of the calibration values listed 
here are, to a great extent, accounted for by a difference of telescope power 
between the DSR and its modified forms. 


*##The stress.optic constants listed here represent values obtained by examining 
the surface layers of each type glass. These values may be different fran 
those obtained by examining the bulk material. This would be especially true 


for Chemcor and Herculite II. 


The methods used in determining the surface refractive indices and their 
differences, and the details of the calibration procedure are contained in 
Appendix I. Detailed results are listed in Table 6 of Appendix I. 


Sample Preparation 


All specimens, with the exception of Chemcor, were made from regular 
production glass from the Pittsburgh Plate Glass Company. The cutting was 
handled by normal plant methods with an added stipulation that all cutting 
be made from the same surface. These samples were tempered at the Glass 
Research Center in accordance with Table 1. No edge work was performed on 
these samples. The Chemcor samples were obtained fully tempered from the 
Corning Glass Company. These samples were received with the edges ground 
to a rounded contour. 


. In general, 25 specimens were prepared for each category listed in 
Table i. Approximately twice this amount, however, were prepared for the 
testing of the Chemcor and Herculite II glass types. 


The glass surfaces were carefully protected against mechanical damage 
during preparation of the specimens and during measurements. Paper was 
placed between each sample and its neighbor in order to avoid surface defects 
from glass to glass contact. The thickness was measured at the corners 
without touching the central portion of the specimen. Width measurements, 
when required, were taken with equal care. 


A ee a oA RRTERNIR A a re AREER Ee — - 9 enema mincbeente me 


Sa ateegd pe te 


TIDE te ty 


Surface Compression Via DSR Readings 


DSR readings were madé in the center of each tempered sample on the 
surface with the cutter marks. The surface on which the DSR readings were 
made was the side that would be under compression during the destructive 
tests. This was done in order to eliminate the possibility of affecting the 
results of the destructive testing by contacting, and possibly damaging, 
the side to be placed under tension. It was assumed that the surface stress 
in the central portion of each sample would be essentially isotropic and 
equal fran side to side. No less than four, and in general, five readings 
were made on €ach sample and the average value was used, by means of the 
calitration value, to determine the siirface compression in psi. 


Center Tension Measurements 


‘Although not required in this investigation, center tension measurements 
were made to provide additional information for those accustomed to gaging. 
the degree of temper by this means. Measurements were made using a quartz 
wedge graduated to read relative retardation in-millimicrons.. For the 
strips, 3 x 13 in., the measurements were made across the width in the cefter 
of each sample. The square samples were measured across diagonally. opposite 
corners, along a 2 in. optical path for the 6-1/8 ‘in. ‘squares, and ‘along 
ah in. optical path for the 12-1/4 in. square samples. The 4 in. squares of 
Chemeor and Herculite II were measured through the whole width of the samples. 
This data was converted to psi by using the following conversion factors 
‘erovided by the manufacturers. 


_ ss ARLE 
BIREFRINGENCE CONSTANTS 
7 Manufacturer and Birefringence Constant 
Glass Type Code Number _ _- psif/mmu/in. 
Type I MIL-G-25667 PPG Polished Plate 2.13 
Chemcor Corning 0311 2.28 
Aiumino Silicate PPG 6695 2.1T 
Herculite II PPG 7265 2.26. 


Using this information of the center tension and the values obtained 
for the surface compression via the DSR, the ratio of the surface compression 
to the center tension was calculated for each type glass in their various 
states of temper. These results are summarized in Table 4. More detailed 
information is contained in Appendix II, Individual Testing Results. 


Destructive Strength Tests 


The strength of the annealed and tempered specimens was measured by 
either a modified beam loading method or a concentric ring method. Both of 
these testing methods have been in use at the Glass Research Center for the 
past 15 to 20 years. The beam loading method involves loading to breakage, 
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rectangular specimens simply supported near each end and loaded at two 
points symmetrically placed about the center. In the concentric ring 
method, a square plate is loaded by a circular member wnich moves coaxially 
to a support ring. The details of these methods are contained in Appendix I. 


DESTRUCTIVE STRENGTH TEST RESULTS AND CORRELATION 
Results 


The results of the destructive strength tests and the results of the 
measurements of the surface ccmpression and center tension are summarized in 
Table 4. The results listed in this table indicate that the principle of 
surface refractametry, as used in the DSR, the MDSR-I, and the MDSR-II, to 
measure surface compression of tempered glass is capable of predicting the 
breaking strength to within +10% for seventy per cent of the samples tested 
and to within +15% for the entire testing program. The average of the 
percentage deviation from breaking stress is -2.6% with the sign of the 
deviation taken into account. The mean of the absolute values of the per 
cent deviation, however, is 8.1%. 


Tables of individual testing results are contained in Appendix ITI. 
Discussion of Results 


The agreement of the equation 


Basic } “6 { DSR Reading of af _ {Modulus of 
Strength Surface Compressio Rupture 


to within 10% certainly indicates the validity of surface refractometry, as 
exemplified in the stress instruments used in this study, as a means of 
assessing the strength of tempered glass. With instrumentation of this 

type, it is now possible to specify and control the strength of tempered 
glass of a given production process without tie need of extensive destructive 
testing. That is, once a DSR instrument has been cai‘>brated for a particular 
glass and the basic strength of this glass determined, this report shows that 
the strength of the tempered product can be determined nondestructively with 
statistical certainty. 


CONCLUSIONS 


The Differential Surface Refractameter, an instrument based on the prin- 
ciples of surface refractometry, and modifications of this instrument as 
required to extend its usefulness to other glass types, is capable of deter- 
mining the magnitude of the surface compression, in psi, present on tempered 
glass by nondestructive means. Since the strength of glass is dependent upon 
the strength of its surface, this ability to measure the surface campression 
of tempered glass enables one to assess the strength of this glass without 
the need for destructive tests. 
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This report has demonstrated the correlation of the DSR readings with the 
strength of tempered glass of four aifferent compositions in a variety of con. 
figurations. Specifically, the glass types and the stress instruments which 


were correlated are: 


Type I MIL-C-25667 glass, PPG Polished Plate, and the DSR; 
Chemcor Glass, Corning Glass Company Code O311, and the MDSR-I; 
Herculite II Glass, PPG No. (265, and the MDSR-I; 

Alumino Silicate, PPG No. 6695, and the MDSR-II. 


TABLE 4 
SUMMARIZED DESTRUCTIVE STRENGTH TEST RES 


Number Number 
of of Mean 
Samples Edge Testing Center 
Tested Breaks Sample Size s 
Cheacor th 0 VYW10xhxh CR 1-1/2 x 3 65390 
Herculite II, Annealed fe) Y10x& x & CR 1-1/2 x 3 39 
Herculite II 51 0 W1loxhexh CR 1-1/2 x 3 6959 
Polished Plate, Annealed 2 fe) 6 x 6-1/8 x 6-1/8 CR 3x 6 
Polished Pate, Annealed 2 fe) Wh x 6-1/8 x 6-1/8 CR 3x6 
Polished Plate, Annealed 29 16 1/2 x 6-1/8 x 6-1/8 CR 3x 6 
Polished Plate, Annealed - - Same data as above but neglecting edge breaks 
Polished Plate, Annealed 22 1 37% x 6-1/8 x 6-1/8 CR 3 x 6 
Polished Plate, Annealed - - Same data as above but neglecting edge breaks 
Polished Plate, Annealed 29 fe) 1/2 x 12-1/% x 12-1/4 CR6x 12 235 
Polished Plate, Annealed 31 4 3/% x 12-1/4% x 12-1/4 CR 6x 12 311 
Polished Plate, 1/2 Teaper 28 re) 3/16 x 6-1/8 x 6-1/8 CR 3 x 6 
Polished Plate, 1/2 Teaper 25 fo) 1/4 x 6-1/8 x 6-1/8 CR3 x6 4069 
Polished Plate, 1/2 Teaper 25 fe) 1/2 x 6-1/8 x 6-1/8 CR 3x 6 4310 
| Polished Plate, 1/2 Teaper 26 ce] 1/2 x 12-1/4 x 12-1/4 CR 6x 12 89 
| Polished Plate, 3/4 Teaper 25 0 3/16 x 6-1/8 x 6-1/8 CR3x 6 
Polished Plate, 3/4 Teaper 26 (e) 1/4 x 6-1/8 x 6-1/8 CR 3 x 6 6430 
Polished Plate, Teaper 27 fe) 1/2 x 6-1/8 x 6-1/8 CR3x6 5090 
Polished Plate, 3/% Teaper 27 re) 1/2 x 12-1/% x 12-1/4 CR6x 12 5320 
Polished Plate, Full Teaper 27 ) 3/16 x 6-1/8 x 6-1/ CR 3 x 6 6870 
Polished Plate, Full Teaper 25 fe) V/% x 6-1/8 x 6-1/8 CR 3x6 7160 
Polished Plate, Full Teaper 26 3 1/2 x 6-1/8 x 6-1/8 CR 3 x 6 7850 
Polished Plate, Full Teaper - - 3ame data as above but neglecting edge breaks 
Polished Plate, Full Teaper 25 7 3/4 x 6-1/8 x 6-1/8 CR3x6 8190 
Polished Plate, Full Teaper - - Same data as above but neglecting edge breaks 
Polished Plate, Full Teaper 25 0 1/2 x 12-1/4 x 12-1/4 CR 6x 12 4Lo 
Polished Plate, Pull Teaper 26 re) 3/% x 12-1/4 x 12-1/4 CR6 x 12 100 
Aluaino Silicate, Annealed 25 fe) 1/4 x 6-1/8 x 6-1/8 CR 3 x 6 225 
Alaaino 3ilicate, Annealed 22 fe) V2 x 6-1/8 x 6-1/8 CR 3 x 6 343 
Aluaino 3ilicate, 1/2 Teaper 22 0 1/% x 6-1/8 x 6-1/8 CR 3 x 6 3970 
Alumino 3ilicate, 1/2 Teaper 21 0 1/2 x 6-1/8 x 6-1/8 CR 3x 6 3480 
| Alamino Silicate, 3/4 Teaper 20 (e) 1/4 x 6-1/8 x 6-1/8 CR 3 x 6 5190 
| Alusino Silicate, Teaper 21 fe) 1/2 x 6-1/8 x 6-1/8 CR 3 x 6 5540 
Aluaino Silicate, Full Teaper 21 fo) 1/4 x 6-1/8 x 6-1/8 CR 3x 6 7750 
Alumino Silicate, Full Teaper 21 fe) 1/2 x 6-1/8 x 6-1/8 CR 3 x 6 7400 
| Polished Plate, Annealed 31 6 3/16 x 3 x 13 Beam 4 x 12 147 
Polished Plate, Annealed 28 13 he x 3x 13 Beam & x 12 142 
Polished Plate, Arnealed 28 11 1/2 x 3 x 13 Beam & x 12 256 
Polished Plate, Annealed 2 25 3/4 x 3x13 Beam & x 12 171 
Polished Plate, 1/2 Teaper 2 12 3/16 x 3 x 13 Beam & x 12 4030 
Polished Plate, 1/2 Teaper 25 21 Ve x3 x 13 Beam & x 12 4030 
Polished Plate, 1/2 Teaper 25 16 V2x3x13 Beam & x 12 4360 
Polished Plate, 3/% Teaper 25 ll 3/16 x 3 x 13 Beam & x 12 5320 
Polished Plate, 3/+ Teaper 25 2k 1/4 x3 x13 Beam & x 12 5230 
Polished Plate, 3/+ Teaper 27 17 x3x1 Beaa & x 12 5290 
Polished Plate, Full Teaper 23 20 3/16 x 3 x 13 Beam & x 12 7700 
Polished Plate, Full Tesper 25 23 &x3x13 Beam & x 12 7390 
Polished Plate, Full Teaper 25 13 1/2 x 3x 13 Beam & x 12 8640 
Polished Plate, Full Teaper 26 15 3/4 x 3 x 13 Beam & x 12 9640 


CR - Concentric Ring Method, numbers following CR indicate the diameter of the rings in inet 
Beam - Beaa Loading Method, nuabers following Beam indicate stress span and load span in inc 
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Legend: 


TABLE & 
TRUCTIVE STRENGTH TEST RESULTS AND CORRELATION 


Surface 
Mean Mean on Mean 
Testing Center Surface Center Breaking standard 
C Stress Deviation 

CR 1-1/2 x 3 6530 45770 7.07 51180 7230 
CR 1-1/2 x 3 re) 14339 2780 
CR 1-1/2 x 3 6950 56970 8.21 67919 6549 
CR3x6 19029 2319 
cR 3x 6 9279 2080 
CR 3x 6 7939 3090 
1eglecting edge breaks 10769 2430 
CR 3 x 6 7410 4020 
reglecting edge breaks 9589 4150 
CR 6 x l2 235 10749 1200 
CR 6 x 12 311 10570 2890 
CR 3 x 6 8689 17980 3130 
CR 3 x 6 4069 9890 2.41 21980 2560 
CR 3 x 6 4310 9240 2.14 23429 310 
CR 6 x 12 80 9920 2.22 23519 2150 
CR 3x 6 11169 22040 2620 
CR3x6 6430 15900 2.47 29369 3159 
CR 3 x 6 5090 125490 2.47 27090 33 to) 
CR 6 x 12 5320 12910 2.42 27460 2880 
CR 3x 6 6870 152790 2.22 26370 3280 
CR 3x6 7160 17300 2.42 307380 2480 
CR 3x 6 7850 18980 2.32 29920 130 
RErech tee edge breaks 31930 5 
CR 3 x 6 8190 23770 2.90 32060 11190 
leglecting edge breaks 36939 7640 
CR 6x12 (bas 18810 2-23 32610 3350 
oR 6 x 12 100 23370 2. 35990 3423 
CR 3x 6 225 10920 ) 
CR 3 x 6 343 10979 1280 
CR 3x6 3970 10340 2.61 19359 1830 
CR 3x 6 3480 10920 3.14 29790 2180 
CR 3x6 5190 13410 2.58 24340 1780 
CR 3x 6 5540 17500 3.15 25690 3500 
CR 3 x 6 7759 21150 2.73 30630 2220 
CR 3x6 7400 23 3.12 30259 3410 
Beam 4 x 12 147 1 10] 2610 
Beam & x 12 142 9050 1920 
Beam 4% x 12 256 12410 2260 
Beam & x 12 171 6670 3410 
Beam & x 12 4030 9370 2.31 21570 2089 
Beam & x 12 4030 9380- 2-33 20250 2780 
Beam & x 12 4360 10570 2.42 21470 2510 
Beam & x 12 5320 11700 2.19 23750 2750 
Beam & x 12 5230 11860 2.27 20360 2630 
Beaa & x 12 5290 13089 2.47 24599 3230 
Beam & x 12 7700 17169 2.22 27040 2190 
Beam & x 12 7350 17210 2-fe 23700 2800 
Beam & x 12 8640 21430 2.48 39860 3249 
Beam & x 12 9640 26830 2.78 36500 3690 


ameter of the rings in inches. 
-S span and load span in inches. 
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ABLE 4& 


T 
SUMMARIZED DESTRUCTIVE STRENGTH TEST RESULTS AND CORRELA! 


Mean 
Testing Center 
Sample Size 

Yloxh& x & CR 1-1/2 x 3 6539 
WY1lox& xh CR 1-1/2 x 3 39 
VY1loxh& x CR 1-1/2 x 3 6959 
3/16 x 6-1/8 x 6-1/8 CR 3 x 6 
Wh x 6-1/8 x 6-1/8 CR 3x 6 
1/2 x 6-1/8 x 6-1/8 CR32x 6 
Same data as above but neglecting edge breaks 
374 x 6-1/8 x 6-1/8 CR 3 x 6 


Same data a3 above but neglecting edge breaks 
V2 x 12-1/4 x 12-1/4 CR6 x 12 235 


J x 12-1/4 x 12-1/% CR 6x 12 311 
3/16 x 6-1/8 x 6-1/8 CR3 x6 
x 6-1/8 x 6-1/8 CR 3 x 6 4969 
1/2 x 6-1/8 x 6-1/8 CR 2 x 6 4310 
12-1/% x 12-1 CR 6 x 12 80 
3/16 x 6-1/8 x 6-1/8 CR3x6 
x 6-1/8 x 6-1/8 CR3x6 6430 
V2 x 6-1/8 x 6-1/8 CR ; x 6 5090 
x 12-1/% x 12-1/4 CR6 x 12 5320 
3/16 x 6-1/8:x 6-1/8 CR3x6 6870 
x 6-1/8 x 6-1/8 CR3 x6 7160 
1/2 x 6-1/8 x 6-1/8 CR3 x6 7850 


R 
Same dats as above but peg reck ine edge breaks 
3/4 x 6-1/8 x 6-1/8 CR 3 x 6 8190 
Same data as above but neglecting edge breaks 

CR6 x ae) 


V2 x 12-1/4 x 12-1/% 12 
3/% x 1201/4 x 12-1/4 CR6x 12 100 
x 6-1/8 x 6-1/8 CR3x6 225 
V2 x 6-1/8 x 6-1/8 CR 3x6 343 
1/4 x 6-1/8 x 6-1/8 CR 3x6 3970 
1/2 x 6-1/8 x 6-1/8  CR3 x 6 3480 
1/% x 6-1/8 x 6-1/8 CR 3 x 6 5190 
1/2 x 6-1/8 x 6-1/8 CR3x6 5540 
V/s x 6-1/8 x 6-1/8 CR3x6 7750 
1/2 x 6-1/8 x 6-1/8 CR 3x 6 7400 
3/16 x 3 x 13 Beas % x 12 147 
Ve x3x 13 Beam & x 12 iho 
1/2 x 3x 13 Beam & x 12 256 
3/% x 3 x 13 Beam 4 x 12 171 
3/16 x 3 x 13 Beam & x 12 4030 
Ve x3 x 13 Beas & x 12 4030 
1/2 x3 x13 Beaa & x 12 4360 
3/16 x 3 x 13 Beaa & x 12 5320 
&x3x13 Beam & x 12 §230 
2x3x 13 Beam & x 12 5290 
3/16 x 3 x 13 Bean 4 x 12 7700 
vs x3 x 13 Bean & x 12 7350 
1/2 x3 x 13 Beam & x 12 8640 
3/4 x 3 x 13 Bean & x 12 9640 
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STUDY CF LIMITATIONS 


The limitations of the DSR, in its basic design, with respect to the 
effects of curvature, waviness, edge proximity, and surface finish were 
determined by direct examination. Initially it was assumed that glass 
composition would not affect the limitations of the DSR and this work was 
carried out using only Type I MIL-G-25667 glass. However, in the extension 
of the basic design to the other glass types, especially Themcor and Herculite 
II, there is reason to believe that the limitations of the DSR may not, in 
general, apply to the MDSR-I and MDSR-II instruments. 


Curvature 


The limitations of the DSR with respect to surface curvature were 
determined on four basic surface types: (1) concave cylindrical; (2) convex 
cylindrical; (3) concave spherical; and (4) convex spherical. In the case 
of cylindrically bent glass the limitations must be established for two 
orientations, one, when the optical axis of the instrument is orientea 
paralle] to the cylinder axis, and the other, when the optical axis is 
orient d perpendicular to the cylinder axis. Thus, a total of six cases 
have veen studied. 


The limiting radius for each case was based on the quality of the stress 
image observed in the DSR telescope, i.e., the point at which the image 
quality deteriorates to a degree sufficient to affect the readability of the 
instrument. Also, the radius of curvature at which the stress image disap- 
pears, or becoms impractical to read due to large variations, was determined 
in each case. The results of this study are listed in the following table: 


TABLE 5 
CURVATURE LIMITATIONS 
Surface Ri Ro 

Concave Spherical 175 in. 100 in. 
Convex Spherical 250 in. 125 in. 
Concave Cylindrical parallel to Axis €5 in. ~* 
Concave Cylindrical perpendicular to Axis 200 in. 150 in. 
Convex Cylindrical parallei to Axis L in. 5 in. 
Convex Cylindrical perpendicular tc Axis 150 in. 100 in. 

Legend: 


R, - Radius of curvature at which stress image quality begins to 
deteriorate. 


~- Limiting radius ot curvature 
Ro - Limiting rad f curvatur 


* . This limit has not been estat’ ‘shed but would be iess than 5. 


At the Limiting radius, Ks, the s 
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image may be poor, tut it is 
ess with a reasonab é amount of 
accuracy. Beyond thie point, adings became impractictai with 
the DSR in its present design. ‘The term "reasonabie amount of accuracy” is 
relative and may be given mcre meaning when considered in iight of the 
following remarks. 
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When several readings are taken with the DSR at one location on a flat 
sample of fully tempered glass, a variation in the readings of 2.3% is 
normal. In the above work cn curved surfaces, when the variation in readings 
approached 10-15%, the author considered this to be "reasonably accurate". 
Beyond this point, the usefulness of the DSR, in its present design, would 
have to be determined by the application. 


The variation in readings is not affected by a deterioration cf the 
stress image as much as by a tendency to wobble or rcckx on the curved surfaces. 
This rocking can be correcved by proper changes in the design of the DFT. 
instrument. 


Other Limitations 


The limitations of the DSR with respec 
and surface finisn were determined for flat 
summarized below. 


t to waviness, edge proximity, 
amples only. These results are 


wn 


Waviness: This will not be a problem in the use of the DSR on aircovaft 
quality glass since the waviest sheet glass is readable. 


Edge Proximity: The limitation on edge proximity is the prism contact 
length, 1.e., as Long as the length of the prism is in contact, readings 
may be made at the edge of a sample. Wher making readings at an edge, 
however, it must be remembered that the stress is no longer isotropic in this 
region and that the stress instrument reads the surface stress in a direction 
90° to its optical axis. 


Surface Finish: Short finish presents no probiem - as the DSP is 
capable of reading through surfaces ground to a matte finish with 800X 
abrasive. 
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LED PROCEDURE 
CALIBRATION 
Calibration Methods 


Type I MIL-G-25667: The calitration of the DSR for Type I MIL-G-25667 
glass (polished plate) was determined by subjecting 10 fully tempered samples, 
of size 6 x 24 x 1/2 in., to beam bending using a Baldwin Testing Machine. 
Each sample was simply supported, with a load span of 22 in. a . a stress 
span of 6 in., in such a manner that the surface which would experience the 
tension during the test was in a convenient position for examination with 
the DSR. The DSR was placed on the sample in the area over the 6 in. stress 
span and oriented to detect the resultant surface stress due to loading. 

The DSR reads the surface stress in a direction 90° to the optical axis of 
the instrument. At zero load the DSR reading corresponds to the magnitude 
of the surface compression introduced during the tempering process. Loading 
was applied in suitable increments until *he surface being examined was in 
tension; the degree of this tension was held to a level below the expected 
rupture point in order to avoid sample failure. At each ioad increment, 

the corresponding DSR reading was noted by taking several measurements. 


The average DSR readings were then plotted against the surface stresses 
calculated fran beam bending theory, see Calculation of Bending Stresses, . 
Appendix I. From this data, the surface compression at zero load was 
determined by passing a line of least squares through the points recorded. 
This value obtained for the surface compression at zero load divided by the “oe 
DSR reading for the same condition produced the calibration value, K, in 
psi per micrometer eyepiece unit for each sampie. The data for a typ-.cal 
sample is illustrated in Figure 1. The linear relationship between the 
surface compression and the DSR reading is quite evident in this illustration. 


The results of examining these ten samples of Type I MIL-G-25667 glass 
determined the mean calibration value of the DSR for this glass to be 60.18 
psi per eyepiece unit with a standard deviation of 0.41. The stress-optic 
constant, C, was found to be 5.4 x 107 psi per unit birefringence. This is 
an average result for the ten samples. 


The pertinent data of the calibration study for this and the other glass 
types is contained in Table 6. Figures 1 through 4 illustrate the linear 
relationship between the surface stress and the DSR readings for each type 
glass. 


Chemcor: The characteristics of this glass differ greatly from those 
of polished plate for which the basic DSR was designed. Therefore a different 
version of the DSR was required to measure the surface campression of this 
glass. This version is termed the Modified Differential Surface Refractometer-.I pe ae 
or MDSR-I. Aliso, due to the sample size and thickness limitations at the 
time this glass was procured, a considerably smaller sample in comparison 
to the sample size of 6 x 24 x 1/2 in. used for polished piate, was used in 


Applied streds, 


18, 0090 


16,000 


14, 000 


12,000 


10,000 


Applied Stress-PSI 


9 


» 


1823 
3646 
5469 
7292 
9115 
10940 
12760 
14580 
16410 
18230 
20050 


Calibration Value K = 18, 223 


8000 


6000 


4000 


2000 


Tension Compression 
a Sal 


Figure i - Representative Calibration Results for Type 1 MIL-G-25667 Glass 
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the calibration procedure. The size was nominally 2 x 7 x 1/8 in. Twenty re 


samples of fully tempered Chemcor were examined by subjecting them to beam 
bending with a load span of 6 in. and a stress span of 2 in. Loading was 
applied using a Instron Testing Machine. Due to the smail sarple thickness, 
it was not possible to continue taking MDSR-I readings until the surface 
was placed in tension as was done in the calibration of Type I MIL-G-25667 
giass. The sample curvature became excessive after atout 2/3 of the 
surface compression was removed by loading with a subsequent deterioration 
in the quality of the stress image. As a result of this deterioration, 
loading had to be discontinued before the surface was placed in tension. 
Consequently, the surface compression at zero load had to be determined hy 
extrapolating the line of least squares for the points recorded. This need 
to extrapolate introduced a greater variation in the results as evidenced by 
@ larger standard deviation in comparison with the results for Type = MIL-G. 
25667 glass. The results of examining these twenty samples of Chemcor glass 
determined the mean calibration value for the MDSR-I to be 172.4 psi per 
eyepiece unit with a standard deviation of 13. The stress optic constant, C, 
for the surface layers of this glass was fcund to be 4.4 x 107 psi/unit 
irefringence. 


As in the case of the Type I MIL-G.25667 glass, there is a strong linear 
relationship between the surface compression and the MDSR-I readings for 
Chemcor glass, see Figure 2. 


Alumino Silicate: The characteristics of this glass also differ from 
those of polished plate to a degree sufficient to require a different version 
of the DSR in order to measure the surface campression. This model is termed 
the Modified Differential Surface Refractometer-II or MDSR-II. Otherwise 
the calibraticn procedure was identical to that described for the calibration 
of Type I MIL-G-25667 glass. Ten fully tempered samples 6 x 24 x 1/2 in. 
were examined. The mean calibration value of the MDSR-Ii for this glass was 
determined to be 167.2 psi per eyepiece unit with a standard deviation of 
2.5. Figure 3 contains an illustration of the calibration results of a 
typical sample. 


Herculite II: The same version of stress instrument as used on Chemcor, 
the MDSR-I, was used in determining the calibration value of this glass. 
The same procedure and technique as used with the Chemcor glass was applied 
here. Twenty samples, 2 x 7 x 3/16 in., of fully tempered Herculite II were 
examined. The mean calibration value of this data is 189.3 psi per eyepiece 
unit with a standard deviation of 11. The calibration result. for a typical 
sample are illustrated in Figure 4. Further data is contained in Table 6. 


Index Measurements 


The surface refractive indices, n, and n,, for light polarized > hed: 
and perpendicular to the surface of the sample, respectively, were m red 
for all calibration samples, see Table 6. ‘The surface indices for the large, 
6 x 2h in., samples were measured using the corresponding stress instrument . 
for that glass. Surface refractive indices can be measured with the stress 
instruments by using a glass sample of known index as a reference. The 
surface refractive index, n, of a sample can be readily determined by noting 
the angle between the criticaily reflected image of the reference sample and 
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CaLIBRaTION, SURFACE INDcX AND STACSS OPTICAL CONSTANT RESULTS 


Calibration Velue 


Directly Measured 
Index K, psi/Eyepiece 
————Uaii__ 


3 
i 


pom oe Compression ene 


Hd 


Birefringence 


RA 
rd 
aa 


yy PO AF RD A AD 
NANA ASA 
SoooOorr 


e 
ADR 
OD 
dh ad od ol eh od od ood 


ses ees ezrenee 
AAVALAMAA ra 


oe 


z 
a5 SUES 


~ 
. 


Mw 


oe 
oo 
NUNN 


WA NANASASRANASAR 
RADRARAAAR 


NNN 
ARAN 


ea ee oe oe 
see eee ee ee 
~ a dedded ed 
ABBSPESAERN 
i ed lol eded od od tela 
eceeeeenes 
F ncnatrnancann 
SARA AAA 
had adeded ahead todo) 
eesee ee ceae 
RAAT Aa 


bead 

we 
es 
Qo 


e 


Led 
— 


pe 


Pepe pie pepepepepe pete lope te pelvie teil poy 


atedrinlet dated mimtatatadeloe 
Rte 


NNONKOOON: 


Oe ee ee eee 


Legend: "= ~ Surfsce index of refraction for light polarized 
Ma Surface index of refraction for light polarized 
SO - Standard Deviation. 


parallel to the plane of the surface. 
perpendiculer to the plane of the surface. 


wong 


the critically reflected image of the samp.e being examined. For a stressed 


sample, two images wiii be fcrmed, cone  trrecponding to ny and the other 
corresponding tc nz. The surface refrac*ive index is given by 


where N is the prism index of the stress instrument, and B is the emergent 
angle of the prism for a given sample, i.e., the angie at which the Light 
leaves the prism as measured from the norma... 


gS 


The surface indices fcr the smaiier, 2 x 7 in., samples were measured 
by reflected light of the proper polarization using a Bausch and Lomb, Abbe.Sé 
Refractometer. The proper polarizaticn was attained by fitting the eyepiece 
of this instrument with a polarizing filter. By rotating the eyepiece 90°, 
the two indices, n, and n,, were measured directiy. 


The difference between the two surfa 
be measured directiy with the DSR in term 
factors apply to each glass type and thei 


2 f ve indicés, n, - n,, can 
s of anced ce units. The following 
r pective stress instrument: 


nen 


Type I MIL-G.25667 glass using the DSR, 1.12 x 10-6; 

Chemcor glass using the MDSR-I, 2.92 x 1G-®; 

Herculite II glass using the MDSR-I, =.7t x io-§; 

Alumino Silicate glass using the MDSR-II, 286. 20-5; 
By multiplying the stressmeter reacing, expressed in eyeriece units, by the 
proper factor, as determined atove, we get the avsciute value of the index 
change directly. These conversicn factcr. are good only in the index ranges 
listea in Table 6. 


DESTRUCTIVE STRENGTH TESTS 
Testing Methods 


The beam loading method involved loading to breakage of 3 x 13 in. 
specimens supported 1/2 in. fran either end and loaded at the two points 
4 in, from the supports. In the concentric ring method, a square plate was 
loaded by a circular member which moved coaxially to the support ring. 
Three different pairs of ring sizes were used or three different sample 
sizes: 3 and 6 in. diameter rings with 6-1/& in. square samples; 6 and 
12 in. diameter rings with 12-1/L in. square samples; and 1.1/2 and 2 in. 
uiameter rings with 4 in. square samples. 


Both the beam loading and the concentric ring loading methods were used 
on the Type I MIL-G-25667 glass; then, on the basis of the resuits, the 
concentric ring method was selected fcr the other glass types. The concentric 
ring methcd was preferred over the beam icading method because of the large 
number of edge breaks encountered in the latter method. The evaluation cf 
the strength cof glass is a relatively complicated probiem; it is known that 
the strength depends crn a number cf various edge and surface ef fects. There- 
fore, if the strength cf glass with a specified surface treatment is tc be 
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determined, 
the propertie 


necessary that the measured stren, 
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+ 
a 


4 ® 


= ~“ “eN at at 


3 3 
& possible effect cf a weaxened edge. The sorncentric ring method, of proper 
design, excludes the cffect cl edge deferis from che resuits of strength 


In reference tc ccncentric ring tests cf proper design, it was initially 
intended that only the 2 and 6 in. diameter rings be used to test the Type I 
MIL.G-25667 glass in a... thicknesses, however, a large number of edge breaks 
were encountered in the testing of the 1/2 in. and 3/4 in. thicknesses. As 
chis testing method is intended tc eliminate the edge effects during strength: 
measurements, larger samples were prepared to determine if this may have been 
the result of the smal? sample size relative to thickness for these groups. 
Semples 12.1/h in. square were tested on a 12 in. diameter support ring with 
a 6 in. diameter load ring. The results show that this corrected the protlem. 
Another way to eliminate this type of break would be to have the sample extend 
beyord the support ring by a greater amount. When the latter method is used, 
however, corrections for the cverhang have to te included in the calculation 
of the breaking stress. 


Testing Techniques 


Specimens having cut edges were trcoken with the cutter marks on the side 
under compression. This surface was taped in order to preserve the origin 
of failure. Loading rates were in the range cf 4000 to 25000 psi per minute 
depending on the available ‘cading rates of the testing machines used. The 
loading rate used for a given test, however, was held constant to within 
+1000 psi per minute. mep re eeuie: a lending rate of 5000 psi per minute 
was used. These are the loading rates which were maintained during the latter 
half of the destructive tes ts. When necessary, in crder to keep testing times 
within a reasonable length, specimens were fast loaded to approximately 50% 
of the rupture strength. The temperature and humidity were held within 
certain limits during the tests and at least 4&8 hours previous to the tests. 
The temperature was maintained between 70.75°F and the relative humidity 
did not exceed 50%. A minimum of 20, and in general, 25 samples were tested 
for each category listed in Table 1. Apprceximately 50 samples, however, 
were used in the testing of glass tyves Chemcor and Herculite II. 


Each sample was examined for defects which could possibly affect its 
strength. Samples whicr contained defects that are not normally representative 
of that type sample were rejected. 


The iocation of the fracture origin and the direction of the maximum 
stress were noted for ali sampies. If a fracture origin occurred outside of 
the area of maximum stress, the breaking st:-ss was given the value of the 
stress at the positicn of the origin rather than the maximum stress the 
sample experienced. The methods used in determining this value of stress 
are listed in the follcwing section. 


The amount of center deflection of each group of samples tested by the 
concentric ring method was monitored in order to detect the presence of 
membrane s‘ es. When the deflection of the center exceeded half the 
sample <hicxness, the degree of membrane stress was est’ nated and the breaking 


stress corrected tc eliminate this effect. Groups cf samples fcr which this 
gecurred will have both the breaking stress including membrane effects and 
the corrected breaking sires» Listed in the tables of individual testing 
results. These tables are ccntained in Appendix II. This effect was found 
to occur only in the thin glass samples which were subjected tc high loads: 
3/4 and full tempered 3/16 in.-thick Type I MIL-G-25667 glass; fuli tempered 
1/10 in.-thick Chemcor; and full tempered 1/10 in.-thick Herculite II. 


Calculation of Bending Stresses 
The data resulting from the destructive tests and the calibration study 
was converted into maximum Sait 1 by use of the following formulas 
4 . 


solved from bending theory(2)(3 


Rectangular Specimens (Beam Bending) 


where Omax, = maximum surface stress within stress span, psi 


P = load in pounds 

L = effective span, i.e., the load span minus the stress span, 
in inches 

Ww = width of spetimen in inches 

t = thickness of specimen in inches 


f 
Square Specimens (Concentric Rings of 2:1 Ratio) 3)(4)(5) 


This formula, Doe nL Ay \(5 not corrected for overhang while the following 


three are corrected\4 


1. Formula for 6-1/8 in. square samples on 3 and 6 in. diameter rings. 


RP 
Omax. = 0.512 te 


2. Fcrmula for 12-1/4 in. square samples on 6 and l2 in. diameter rings. 


P 
Tmax. = 0.510 fe 


3. Formula for 4 in. square samples on 1-1/2 and 3 in. diameter rings. 


ares 
Snax, = 0-463 se 


where Omax, = maximum surface stress withiiu the load ring, psi 


as] 
it 


load in pounds 


ct 
ul 


thickness of the specimen in inches 


Corrections for Fracture Origins Outside Maximum Stress Area 


The value calculated for the maximum stress at which a sample failed 
was reduced by a "fracture origin factor" whenever the fracture originated 
outside of the maximum stress sabe The graph in Figure 5 was used for the 
3 x 13 in. beam loading specimens 2) while the graph in Figure 6 was used 
for the concentric ring loading specimens( 3). In the concentric ring loading 
specimens, whenever the direction of the fracture stress was at same angle 
to the tangential and radial stresses, the fracture origin factor was estimated 
by interpolating between the two curves of Figure 6 


Corrections for Membrane Stress in Concentric Ring Testing 


Whenever large deflections are required to cause failure of a sample, 
i.e., whenever the deflection at the center of the glass exceeds half its 
thickness, a method of estimating the breaking stress which excludes membrane 
effects is more desirable than the misleading large strengths given by the 
formulas 1, 2, and 3. The theory for the concentric ring loading method 
from which these formulas were derived assumes small deflections and pure 
bending of the center portion of the plate. Fcr large deflections, the 
glass may stretch like a membrane as well as bend, giving rise to membrane 
stresses. Since the mathematical methods for treating membrane stresses are 
cumbersome and lengthy, an empirical approach was used to estimate this 
-ifect. 


It is known from the existing theory that for pure bending the load is 
proportional to the deflection, while for pure membrane stressing the load 
is proportional to the cube of the deflection. Thus when a sample requires 
a deflection of greater than half its thickness to cause failure, an examina~ 
tion of the graph of the load versus deflection in the region beyond the half 
thickness will show a nonlinearity due to the presence of membrane stresses. 
A correction factor for this membrane stress was estimated by forming a 
ratio of the linear portion of the load at failure, determined by an extension 
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of the linear icad-deflection curve, divided by the actva: load at failure. 
For a given group of samples, several estimates cf the correction factor 
were mede and the average vaiue used to determine the corrected hreaking 
stresses for the entire group. By this method, correction factors were 
determined for the following groups of camples which shoved membrane effects: 
3/4 and full tempered 3/16 in.-thick Type I MIL-G-25667 glass - a cozrection 
factor or 0.9; full tempered 1/10 in.-thick chemcor and Herculite II - a 
correction factor of 0.8. igure 7 illustrates the method as applied to a 
semple of full tempered Herculite II. These samples were tested on the 
Instron Testing Machine which gives a measure of the losd ring defiection 
directly. 
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Figure 7 - Graphical Estimation of Correction Factor for Membrane Stresses 
for Typical Fuli Tempered Herculite I] Sample 
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INDIVIDUAL TESTING RESULTS 


The individual results of the destructive testing for each type glass 
are presented here. 


The foliowing symbols are used in this appendix to indicate the location 
of the fracture origin and the direction of the maximum stress at failure. 


Concentric Ring Testing 


~- 


Ir 


oe 9) 


Or 
OE 
Beam Testing 


ic or Ic 


IE 


SD 


Fracture origin located inside the diameter of the loading 
ring. 


Fracture origin located at the diameter of the loading ring. 


Fracture origin outside of maximum stress area with maximum 
stress at failure acting in a tangential direction. MNimbers 
in the blank before the T indicate the distance in inches 
fran the load ring. 


Same meaning as above except maximum stress at failure acting 
in a radial direction. 


Additicnal information contained in the biank following tne 
T indicates the angle to the tangential direction at which 
the maximum stress at failure occurred. Other symbols have 
the same meaning as above. 

Fracture origin located over diameter of support ring. 


Fracture origin located at edge of sample. 


Fracture origin located inside the area of maximum stress in 
the center portion of the smunple, i.e., not at an edge. 


Fracture origin located inside the area of maximum stress, 
but et an edge. 


Fracture origin located outside the area of maximum stress 
away from the edges. Numbers in the blank indicate the 


distance in inches from the maximum stress area. 


Same as above except Yracture origin located at en edge. 


Statistical Information 


Standard Deviation. 
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INDIVIDUAL TESTING RESULTS, FULL TEMPER CHEMCOR 
SAMPLE SIZE 4 x 4 x 1/10 IN., TESTING METHOD 1-1/2 AND 3 IN. DIAMETER CONCENTRIC RINGS, 
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3 73041 6617 257.8 4 793 6.7 1604 I 1 600 54900 
3 +1021 684 250.8 43485 6.35 1486 I 1 66000 00 
30 110 5878 251.4 43593 7.42 1464 I 2 60800 8600 
ho -1047 27 311.5 53 9.25 1696 I 1 71700 57400 
Pou Be age gee owe Gt Be 
s rioky Beko 65.2 &5 eee 1464 Ii 62h00 9900 
Bo Be ate MR ge GE ae HS 
+10 is : 000 0 
a2 +1035 pert 317.45 5 Fy oak 1564 Ir 1 67700 4100 
» 1057 57 313.4 2:43 1810 I 1 75100 0100 
4 21043 T0481 60.4 3183 Al 1490 I 1 63400 50700 
| ee ee a a 
| 52 7090371092 58.6 4148 6.21 1420 Ir 1 86700 53400 
| Mean Mean Mean Mean Mean 
6530 45770 7.07 63970 51180 
| 9030 7230 
| High High 
80800 64700 
Low Low 
5600 36500 
Range Range 
35200 28200 
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TABLE 8 
INDIVIDUAL TESTING RESULTS, ANNEALED HERCULITE II 
SAMPLE SIZE 4 x 4 x 1/10 IN., TESTING METHOD 1-1/2 AND 3 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - INSTRON, LOADING RATE 15900 PSI/MIN. 


Average Center Breaking Fracture Breaking 

Sample Thickness Tension Load Fracture Origin Stress 

No. in. psi 1b. Origin Factor psi 
1 -0999 30 17 I 1 8100 
2 - 1000 28 30 I 1 14100 
; .0994 28 391 I Z 18300 
.1018 31 334 I 1 14900 

5 .1021 30 388 I 1 17200 
6 1014 28 352 I 1 15800 
g 1010 30 363 I 1 16500 
1013 28 37 I 1 17000 

9 -1010 28 366 I 1 16600 
10 .102 32 366 I 1 11700 
11 100 32 361 I 1 16500 
28 337 I 1 15100 

30 341 I 1 15200 

28 325 I 2 14500 

27 33f I 1 14900 

27 3 I 1 17000 

27 369 I 1 17200 

27 313 Ir 1 14400 

31 363 I 1 16600 

30 355 I 1 15700 

31 326 I 1 14900 

28 192 I 1 8200 

oh 259 I 1 10900 

34 275 I 1 11700 

34 32 : i 13700 

28 39 I 1 1 ae 

31 2 I 1 12 

34 31 -I 1 13300 

31 32h I 1 13700 

28 222 I 1 10460 

34 210 I 1 8800 

31 37 I 1 17300 

34 4 I i 15800 

38 12 I 1 1 
31 309 I 1 14200 
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TABLE 8 (CONTINUED) 


Average Center Breaking Fracture Breaking = 
Sample Thickness Tension Load Fracture Origin Stress e 
No. in. psi 1b. Origin Factor psi : 
36 1001 24 359 I 2 16600 : 
3 - 1002 32 339 I 1 15600 i 
3 - 1008 2 305 Ir 1 13800 ‘ 
9 - 1009 2 366 I 1 16600 } 
Le) ~1013 27 163 I 1 7300 
4} ~1011 31 315 I 1 pane 
ho - 1015 30 259 I 1 11600 
4 -101 2T 272 I a 12300 
4 -101 . 30 339 I 1 15000 
Mean Mean 


i w 
Beae 
S83" 3 


save ¥ 
; INDIVIDUAL TESTING RESULTS, PULL TEMPER HERCULITE II 
SAMPLE SIZE 4% x & - 1/10 a TESTING METHOD 1-172 AND 3 IN. DIAMETER CONCENTRIC RINGS, 


\ ; ESTING MACHINE - INSTRON, LOADING RATE 15000 PSI/MIN. 
ak 
aa Average Center ‘verage Surface Surface Breaking Practure heveet cei Siree pei 
Samole Thickness Tension MDSR-I Compression To Center Load Practure Origin. With Membrane Corrected for 
No. __in, psi Reading _- psi __Ratio — 1b. Origin. _Pactor _ Stress Membrane Strese 
1 1000 6 290.0 548 7.8 1880 Ir 2 BSTOU 6TTOO 
2 100 70 291.2 5512 i 1798 Ir 1 82200 6 
3 100 6°75 269.2 54746 7.85 1810 I 1 
1012 261.8 23832 4:6 1746 I 1 8900 63100 
2 1018 6919 298.8 5580 OT 1798 1 300 64200 
1011 6975 306. 57964 8.31 1618 Ir 1 73300 58600 
i 0908 6919 296. 26309 8.11 1390 I 1 io 2 00 
.1008 6975 303.4 5743 8.23 1818 Ir 1 fey 00 
a 1006 6975 292. 55351 5:2 1920 Ir 1 87 70200 
10 .1016 6919 294.6 55768 06 2160 I 1 
ll - 1000 7031 293.8 5616 7.91 2000 I 1 600 74100 
12 20996 7031 295. 22985 Z:% 17 x 3 000 65 
| 1 - 1005 6975 303. 3 Fi 1 I 1 81600 65300 
1 1010 5 296.2 56071 8.0 1852 Ir 1 84000 67200 
1 1 7031 290.4 54973 7.82 1758 I 1 80100 64100 
1 . 1004 7031 290.6 §5011 Go 1976 I 1 Fe 2700 
1 .1019 6975 309.2 532 “22 1876 I 1 
1 .1019 691 285.8 54102 e 1942 Ir 1 86600 69200 
10 1005 305.4 7812 16 1625 I 1 83700 66900 
2a 1037 7594 321.2 03 8.01 2040 4 1 900 70300 
21 3008 7032 301.8 57131 8.13 18 I 1 BaTOO 6T700 
22 1008 7 304.0 zh 7 8.12 2240 I 1 102900 82k00 
2 1036 6581 287.2 367 8.26 1988 Ir 1 84100 67300 
2 1056 658) 306.8 8.82 1920 Ir 1 79600 63700 
25 . 1052 6581 315.6 3 9.08 2150 Ir 1 90000 T2000 
26 1053 6525 321.2 3 Bh 2175 I 1 90600 72 
2 10h8 652 303.8 57509 51 2150 I 1 90506 T2400 
2 104 6 355.4 o7e7t 10.18 1742 Ir 1 74200 29300 
20 104 6638 300.2 82 8.56 104% I i 78300 
30 0091 7031 380.8 64513 9.18 1708 I 1 64400 
31 .0008 6975 288.8 54670 84 1602 I 1 pb a 72620 
32 1005 6919 297 .0 56222 13 1802 I 1 100 
3 1007 6919 2 Bee 54821 7.92 2020 I 1 00 7: 
3 1018 686 286.2 54556 7.98 1482 I 1 53400 
3 0998 604 285.8 102 5:28 1780 I 1 82700 00 
3 .1009 6919 293.4 55541 93 1912 I 1 87000 69600 
By -1009 6919 302.0 169 8.2 1932 I 1 87900 Ree 
3 .1012 6919 307.2 sags 8.40 6 I 1 80300 4300 
9 1012 6919 sae a 5 1 8.08 1838 Ir 1 oho 66500 
9 .1018 63 262.8 23533 ys 1536 I 1 00 74300 
Al .1018 6863 296.4 108 18 1910 I 1 85200 00 
he 1013 6919 294.6 557 8.06 1760 I 2 Fakes 63 
5 .101 3 301.2 O17 8.31 1930 Ir 1 700 69400 
4 -101 6863 318.2 32 8.78 1704 I 1 76700 61300 
BS -1016 686 298.8 2700 8.13 2065 I 1 re ibeg 74200 
46 .0096 714 296.4 109 7-85 2500 Ir 1 11 F Epis 
, "10k, aes 3aBS0 Bee 7:95 1868 i i 79900 63000 
a ee ee a a a 
. . . 0 I 0° 
| 51 21004 6919 311.2 58910 3:33 1654 I 2 78000 boboo 
Meen Mean Mean Mean Mean 
6950 56970 8.21 83790 67010 
8170 6540 
Ar h Ri ni 
3 
Low ia 
66800 53400 
Range Range 
50000 40000 
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TABLE 10 
INDIVIDUAL TESTING RESULTS, ANNEALED ALUMINO SILICATE 
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/4.IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS 
: TESTING MACHINE - INSTRON, LOADING RATE 7000 PSI/MIN. : 


Average Center Breaking Fracture Breaking 
Sample Thickness Tension Load Fracture Origin Stress 
No. ___ in. psi lb. Origin Factor psi 
1 -2718 241 1340 I 1 9300 
2 2742 222 1510 I 1 10300 
3 2748 233 1976 I 1 13400 
4 2742 241 . 1372 I 1 9300 
5 -2758 250 1890 I 1 12700 
6 22755 258 1484 Ir 1 10000 
7 ©2755 239 1780 I 1 12000 
8 - 2748 233 1496 I 1 10000 
9 22725 250 1168 I 1 8000 
10 2502 184 1370 I 1 11200 
Li - 2700 233 1770 I 1 12400 
12 - 2740 250 1332 I 1 9100 
1 2505 184 90 I 1 7200 
ly. - 2548 - 198 1556 I 1 12300 
15 ~2532 198 1376 I 1 11000 
16 2592 212 1540 I - 11700 
17 2550 212 1830 I 1 14400 
18 - 260 220 1338 I 1 11600 
19. 274 252 1878 I 1 12700 
20 - 2720 255 1214 I 1 8400 
el - 2682 228 1370 i 1 9700 
22 » 2720 239 1870 I 1 12900 
2 - 24.98 195 1438 I m8 11800 
2 + 2635 209 1264 I 1 9300 
25 «2520 201 1524 I 1 12300 
Mean Mean 
225 10920 
SD 
1840 
High 
14400 
Low 
7200 
Range 
7200 


a RE ee te Sac BSC ROR Veg kg a Rigi AE lal TT" r 


TABLE 11 
INDIVIDUAL TESTING RESULTS, 1/2 TEMPER ALUMINO SILICATE 
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - INSTRON, LOADING RATE 7000 PSI/MIN. 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tensicn MDSR-II Compression To Center Load Fracture Origin Stress 

No. In. : psi Reading psi Ratio S= lb, Origin | Factor psi 
1 . 2746 3? tee 55.2 9229 2.46 2690 I 1 18200 
2 - 2740 249 65.0 10868 2.56 3015 I 1 sop 
3 2743 4242 .61.0 10199 2.40 2880 I 1 19400 
, . 2739 4561 . 69.8 11671 2.50 3140 st 2 21400 
5 .2762 4047 66.0 1103 2.73 3110 I Ll 20800 
6 .2712 LLO9 63.0 1053 2.39 2810 I 1 19500 
v4 5275 3988 57.8 9664 2.42 2995 I 1 20200 
8 +272 3858 58.8 9831 2.55 2750 I 1 18900 
9 2724 & 63.2 10567 2.75 2975 I 7 20500 
10 62747 253 75.4 12607 2.96 3515 I 1 23800 
11 2704 570 62.4 10433 2.92 3050 I 1 21300 
12 -2592 062 63.8 10667 2.63 2400 I 1 18300 
1 . 2586 4336 71.2 11905 2.75 2785 I 1 21300 

ye. . 2823 4292 64.0 10701 2.49 2720 I 1 sly 
ai 276 pepe 61.6 10199 2.56 2900 Ir 1 19400 
16 2275 106 68.2 11403 2.78 2580 Ir 1 17300 
LP ae. “6 2771 3895 60.0 10032 2.58 2715 I 1 18100 
18 - 2660 3559 yee) 9196 © 2.58 2115 I 1 15300 
19 . 2658 3650 56.4 9430 2.58 2675 I 1 19400 
2 - 2638 3598 ee 9564 2.66 2580 I i 19000 
21 . 2608 3494 52.4 3761 2.51 2395 I 1 18000 
22 62595 3511 53.6 8962 2u55 2350 I 1 17800 
Mean Mean Mean Mean 
3970 10340 2.61 19350 

SD 
1830 
High 
23800 

Low 
15300 
Range 
8500 
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TABLE 12 
INDIVIDUAL TESTING RESULTS, 3/4 TEMPER ALUMINO SILICATE 
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - INSTRON, LOADING RATE 7000 PSI/MNIN. 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension MDSR-II Compression To Center Load Fracture Origin stress 
No. In. psi. Reading psi Ratio 1b. Origin Factor psi 
1 2571 5175 84.0 14045 2.71 2975 I 1 23000 
2 2654 5577 85.8 14346 2.57 3565 Ir 1 25900 
3 «2655 5039 7368 12339 2.445 3250 I 1 23600 
u +2639 5165 79.4 13276 2.57 3415 I 1 25100 
5 2626 2312 89.4 14948 2,81 3375 I a 25000 
6 . 2659 5414 82.6 13811 2.55 3575 Ir 1 25800 
9 e2715 4.958 75.0 12540 2.53 3875 Ir 1 26900 
8 2624 5030 81.0 13543 2.69 3070 qT 1 22800 
9 - 2695 5334 76.2 12741 2.39 3995 I 1 28100 
10 - 2610 5251 79.6 13309 2.53 3270 I 1: 24500 
ale | » 2613 5208 81.4 13610 2.61 3200 I 1 24000 
12 -2561 5273 82.2 23744 2.61 3175 I i: 24700 
1 . 2618 5212 80.8 13510 2.59 2750 I 7 20500 . 
lL . 2603 5052 B10 13543 2.68 3125 I 1 23600 
15 - 2614 4.883 78.0 13042 2.67 3025 Ir 1 22600 
16 - 2646 5241 76.6 12808 2.44 3515 0.14'T 0 96 24600 
17 2648 5360 79.4 13276 2.48 3605 I ne 26300 
18 - 2580 143 7138 13008 2.53 2875 I 1 22100 
19 «2626 987 76.4 12774 2.56 3100 i ah 23000 
20 ~ 2492 5269 83.6 13978 2.65 3000 I 1 24-700 
Mean Mean Mean Mean 
5190 13410 2.58 a3 
1780 
High 
28100 
Low 
20500 
Range 


7600 


TABLE 13 
INDIVIDUAL TESTING RESULTS, FULL TEMPER ALUMINO SILICATE 
SAMPLE SIZi 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - INSTRON, LOADING RATE 7000 PSI/MIN. 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension MDSR-II Compression To Center Load Fracture Origin Stress 
_No. in. psi Reading psi Ratio __lb. = _ Origin Factor psi 
1 26 769 115.8 19362 2.52 3665 I I 26600 
2 2642 766 115.4 1929 2.52 3800 I 1 27800 
3 - 2580 7938 126.4 2113 2.66 3900 I lL 29900 
+2575 7899 131.0 21903 2.77 995 aL 1 30800 
5 - 2691 7795 121.6 20332 2.61 650 I 1 32800 
6 .2582 7291 113.6 18994 2.61 37 I 1 28700 
7 . 2622 7730 135.8 22706 2.94 020 I i 37300 
8 send 7736 126.6 21168 2.74 300 z 1 31700 
9 . 2588 9693 126.4 21134 2.75 4000 Ir 1 30500 
10 ~ 2539 7747 121.8 20365 2.63 4125 Ir 1 31500 
ll » 2592 7562 122.0 20398 2.70 3875 ng a 29500 
12 2584 7730 121.0 20231 2.62 3890 I 1 29800 
13 - 2610 7573 116.6 19496 2.57 3770 I 1 28300 
i4 -2619 7569 127.8 21368 2.82 4170 I i 31100 
15 -2611 7812 136.8 22873 2.93 4325 -J 1 32400 
16 2584 8062 133.6 22338 2.77 3935 I 1 30100 
17 - 2530 7990 141.6 23676 2.96 3950 I 1 31500 
18 . 2567 7721 129.8 21703 2.81 800 I 2 29500 
19 «2543 7925 135.2 2260 2.85 160 I a: 32900 
20 . 2619 7758 133-4 2230 2.87 4150 I 1 30900 
21 2657 7812 124.0 20733 2.65 4110 I i. 29700 
Mean Mean Mean 
21150 2.73 30630 
SD 
2220 
High 
37300 
Low ; 
26600 
Range 
10700 I 
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TABLE 14 
INDIVIDUAL TESTING RESULTS, ANNEALED ALUMINO SILICATE 


SAMPLE SIZL 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - INSiKON, LOADING KALE 5000 PSI/MIN. 


Average Center Breaking Fracture Breaking 
Sample Thickness Tension Load Fracture Origin Stress 
No. in. psi lb. Origin Factor psi 
1 -5362 326 6570 I ‘e 11700 
2 -5365 353 5900 I 1 10500 
2 -5360 320 5750 I 1 10200 
5358 336 6900 I 1 12300 
5 -5362 326 6310 I 1 11200 
6 -5400 350 6580 I l 11500 
g 5425 347 orgs I 1 11500 
5422 304 5560 I l 9700 
9 5460 358 5260 I 1 9000 
10 -5550 35 6950 i a 11500 
11 ~5510 a5 7600 ba i 12800 
12 5448 358 6620 I ug 11400 
1 -5478 353 5100 Bi 1 8700 
Be -5562 369 5890 I aR 11400 
15 -5520 347 7150 Ir 1 12000 
16 5442 353 5410 I 1 9300 
17 -5468 347 5180 I 1 8900 
18 5528 347 7000 I 1 11700 
19 “pels 380 8450 I 1 13790 
20 557 342 G500 I 1 10700 
21 5472 369 1420 I 1 11000 
22 5495 350 6340 I 1 10700 
Mean Mean 
343 10970 
SD 
1280 
High 
13700 
Low 
8700 
Range 


TABLE 16 
INDIVIDUAL TESTING RESULTS,3/4 TEMPER ALUMINO SILICATE 
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINS - INSTRON, LOADING RAT® 5000 PSI/MIN. 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension MDSR-II Compressicn To Center Load Fracture Origin Stress 
Yo. . 4m. psi Reading __ psi Ratio lb. Origin Factor psi __ 
1 -5527 604 114.0 19061 3-15 16500 I 1 27600 
2 -5514 602 118.0 19730 3.27 18900 I 1 31800 
3 5491 6217 114.0 19061 3.07 16350 I l 27700 
4 -5438 6143 122.4 20465 3.33 18225 I 1 31500 
5 5439 6137 124.4 19128 3.12 16695 I 1 28800 
6 ~5324 5464 109.4 18292 3-35 13920 I 1 25100 
7 .5381 5625 106.4 17790 3.16 13500 I 1 23800 
8 -5329 552 109.4 18292 3-31 12345 i 1 22200 
9 65334 563 108.6 18158 3.22 12530 I 1 22500 
; 17255 3.25 15675 I l 27700 

rece 3-16 14280 I 1 epee 

180528 3.34 13500 Ir 1 24000 

16753 3-10 13309 it 1 32800 

16519 3.07 14340 I 1 25800 

1705 3.20 14400 I 1 26000 

17556 3.29 14745 Ir 1 25900 

15550 2.93 12675 = 0.20"'T O 94 20800 

158384 3.0 11985 I 1 21300 

15115 2.9 13170 I 1 23200 

1p rit 3-11 11895 I 1 20800 

142aks 2.82 13845 I 1 24600 

Mean Mean Mean 

17500 3.15 25690 

SD 

3500 

High 

32500 

Low 
20800 
Range 


SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS 


Average 
Sample Thickness 


No. in. 


2308 
.530 

5424 
-5356 
5377 
532 

532 

-5596 
-5551 
-5563 
-5520 
12 5474 
1 549 

i 530 

15 .5328 
16 5316 
17 5317 
18 .5302 
19 -5306 
20 5314 
21 .5340 
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TABLE 15 


INDIVIDUAL TESTING RESULTS, 1/2 TEMPER ALUMINO SILICATE 


TESTING MACHINE - INSTRON LOADING RATE 5000 PSI/MIN. 


Center 
Tension 


psi 
3570 
3074 
3472 
3537 
6 


347 
3515 


Average Surface Surface Breaking 

MDSR-II Compression To Center Load Fracture 
Beading psi Ratio Lb. Origin 
61.6 10300 2.89 10950 I 
70.0 1170% 3.37 11430 0.25"T 0 
67.8 11336 10500 I 
63.2 10567 3.04 14220 I 
67.6 11303 3.20 10575 I 
64.6 10801 3.11 13050 pe 
- 60.8 10166 2.89 14265 0.80"T 0 
68.0 11370 3.2k 13530 I 
66.8 11169 3.09 12720 I 
70.0 11704 3.34 14190 I 
68.4 11436 3.24 12165 I 
70.6 11801 3.26 12390 Er 
Tl.2 11905 3.30 15000 Ir 
05.0 10868 3.19 11925 I 
61.6 10300 3.00 11220 I 
62.2 10400 3.04 10410 I 
60.0 10032 3.06 11745 I 
64.2 10734 3.02 10425 0.15"T 0 
63.0 10534 3.34 1069 T 
66.0 10032 2-91 1182 I 
64.8 10835 3.12 10545 I 

Mean Mean 
10920 3.14 


36 


Fracture B 
Origin 


? 


reaking 
Stress 


_Factor psi 


a 


Ne] 
nN 


~ 
tw 


Foal cdl eee el cool peel eel oe oe ol et 
e 
Ne) 
oO 


19900 
19100 
18200 
25300 
18700 
23500 
18700 
22100 
21100 
23400 
20400 
21100 
25400 
21790 
20200 
18800 
21200 
18100 


TABLE 16 
INDIVIDUAL TESTING RESULTS,3/4% TEMPER ALUMINO SILICATE 
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINES - INSTRON, LOADING RAT& 5000 PSI/MIN. 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension MDSRK-II Compressicn To Center Load Fracture Origin Stress 
Jo. in. psi Reading psi Ratio lb. Origin Factor psi _ 
7 -5527 604 114.0 19061 3.15 16500 I 1 27600 
2 ~5514 602 118.0 19730 3.27 18900 I l 31800 
3 5491 6217 114.0 19061 3.07 16350 ig 1 27700 
-5438 6143 122.4 20465 3.33 18225 I 1 31500 

5 «5439 6137 124.4 19128 3.12 16695 I il 28800 
6 -5324 5464 109.4 18292 3-35 13920 I 1 25100 
T -5381 5625 106.4 17790 3.16 13500 1 1 23800 
8 18292 3-31 12345 I 1 22200 
18158 3.22 12530 I 1 22500 

17255 3.25 15675 I 1 27700 

ane2e 3.16 14280 I 1 speee 

18052 3-34 13500 Ir 1 24000 

16753 3.10 18309 Ir 1 32800 

16519 3.07 14340 I 1 25800 

1705 3.20 14400 I 1 26000 

17556 3.29 e745 Ir 1 25900 

15550 2.93 12675 =0.20"T 0 94 20800 

158384 3-09 11985 I 1 21300 

151i5 2.9 13170 i 1 23200 

Aen 3a21 11895 I 1 20800 

14245 2.82 13845 I 1 24600 

Mean Mean Mean 

17500 3.15 25690 

SD 

3500 

High 

32800 

Low 

20800 

Range 

12000 


TABLE 17 
INDIVIDUAL TESTING RESULTS, FULL TEMPER ALUMINO SILICATE 
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS 
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN. 


? 


Average Center Average Surface Surface Breaking Fracture Breaking 

Sample Thickness Tension MDSR-{I Compression To Center Load Fracture Origin Stress 

No. in. psi. Reading psi Ratio 1b. Qrigin Factor psi 
: 048 132.0 22070 3.13 19270 r 1 34300 
5 ‘2 23 E930 130.4 21803 3.15 16410 I 1 28100 
5544 6977 129.8 21703 3.11 16160 if 1 26900 
C 5432 7031 140.8 23542 3.35 14180 i 1 24600 
5 -5377 135-6 22672 14280 I 1 25200 
6 5392 7578 140.2 23441 3.09 17620 I 1 31000 
rf -5408 TIDE 133.8 22371 2.89 13310 I 1 23300 
-5347 7599 137. 22973 3.02 17350 Vi L 31000 
9 5351 aos eat) ree I 1 238900 
10 534 ob 142.2 2377 3017 16710 I 1 29900 
Ll ri Tee 138.0 23074 3.03 15660 I 1 28100 
12 -5379 7721 138.2 23107 2.99 16550 I a4 29200 
1 529 7638 144.6 25177 3.17 17630 I 1 32200 
1 »534 6679 131.8 22037 3.30 17590 i 1 31500 
15 5299 7400 137-8 23007 3.11 17209 I 1 31300 
16 -5348 1956 144.6 24177 3.20 1/160 I 1 31700 
17 -5300 7400 145.4 24311 3.29 18380 Ir 1 323400 
18 -5406 B63 136.6 22840 3.06 21436 I 1 37500 
19 -5357 737 134.8 22539 3.06 18430 I I 32800 
20 ~5405 THES 142.4 23809 3.19 19060 Ir 1 33300 
21 5447 7845 141.8 23709 3.02 17420 Ir 1 30100 
Mean Mean Mean Mean 
7400 23080 3-12 30200 

Ss 

3410 

High 
37500 

Low 
23300 
Range 
14200 
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TABLE 18 
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667 
SAMPLE SIZE 6-1/8 x 6-1/8 x 3/16 IN.,TESTING METHOD 3 AND OIN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - INSTKON, LOADING RATE 5000 PSI/MIN. 


Average Breaking Fracture Breaking 
Sample Thickness Load Fracture Origin Stress 
__No. in. lb. Origin Factor psi. 
y - 1855 715 Ir 1 10600 
2 - 1850 950 Or 1 6600 
3 - 1828 880 I 1 13500 
4 . 1840 659 0.42"T 0 86 600 
5 -1838 79 1 dL. 12000 
6 .1918 11 I 1 15800 
7 - 1920 940 I 1 13Q00 
8 - 1940 589 0.66"T 8) .78 6200 
9 - 1935 928 I 1 12700 
10 - 1930 740 I 1 10100 
al ~ 1940 739 0.28"T-10° Oo 95 9500 
12 - 1900 510 I 1 7200 
1 -1918 683 I i: 9506 
1 ee 677 0.06"R 9) -93 8600 
15 - 1940 ie Ir 1 10800 
16 - 1948 92 I 1 12000 
17 .1922 ree I 1 11000 
18 -1918 530 0.18"T-10° 0 92 6800 
19 .1928 730 ue 1 100006 
20 -1928 684 I l 9400 
21 «1940 782 O<2"T-82 ©) 93 9900 
ce 1898 450 i 1 6400 
2 . 1908 700 I l 9890 
2 ~1915 654 I 1 9100 
25 .1918 700 [ 1 9709 
26 192 870 I 1 12000 
27 191! 690 I 1 9600 
Mean 
10020 
sD 
23210 
High 
15800 
Low 
6200 
Range 


39 9600 


TABLE 19 
INDIVIDUAL TESTING RESULTS, 1/2 TEMPER TYPE I MIL-G- 25667 
SAMPLE SIZ 6-1/8 x 6-1/8 x 3/16 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - INSTRON, LOADING RATE 5000 PSI/MIN. 


Average Average Surface Breaking Fracture Breaking 

Sample Thickness DSR Compression Load Fracture Origin stress 

No. in. Reading psi. lb. Origin Factor __PSsi» 
l . 1828 Ls 8 8774 L277 I L 19590 
Z - 1928 i c 8094 1840 Ir l 25300 
. el B15 145. 8750 1233 I 1 19100 
- 1833 158.8 9557 1287 I a 19600 

5 - 1823 141.8 8534 1347 I i 20700 
6 ©1915 156.4 9412 1260 Ir 1 17600 
7 ~1915 155.4 9302 151 a 1 21100 
8 ©1923 138.3 8317 152 die 1 21100 
9 ~ 1825 159.3 581. 1008 I l 15500 
10 ~ 1825 136.2 19" 1293 I lL 19800 
iy - 1820 139.0 38365 1200 I Ag 18500 
12 ©1923 149.4 899] 1735 I y 24000 
13 - 1893 170. 1024. 1147 O.12"T 0 96 15700 
14 ©1915 feo T90% 1092 O.31"T 0 «90 13700 
15 ©1913 142.8 8594 1040 0.25"T 0 92 14400 
16 1920 159.5 9599 1250 I d 17300 
17 - 1848 152.6 918 1135 I 1 17000 
18 - 1928 113.8 68+ 1096 I l 15100 
19 ~ 1845 123.5 T7432 1423 I i 21400 
20 ~ 1845 144.5 8696 1100 0.25"T 0 -92 15200 
21 ~ 1895 142.0 8546 1304 0.56"T 0 82 ieee 
a ee ft 16388 
Pe ° z 16500 

2 - 1838 ieee 8690 8164 I Ll 12300 
25 -1918 142.8 8594 1533 I 1 21300 
26 ©1925 123.8 7450 1269 Ir 1 17500 
27 ©1915 151.8 9135 1217 I 1 170006 
28 «1895 150.2 9039 1224 I l 17400 

Mean Mean 

8680 17980 

ae 5 

teh 

25300 

Low 
12300 
LO Range 


Table 20 
I. 'aL TESTING RESULTS, 3/4 TEMPER TYPE I MIL-G-25667 
SaMPLi SIZE 6-1/8 s oea/* x 3/16 IN., TESTING MET::OD 3 AND 6 IN. Cen CONCENTAIC RINGS, 
TcSTINU MaCKINa INSTRON, LOADING RATE 5000 PSI/MIN. 


Breaking Stress Breaking Stress 


averaze Average Surfa-e Breaking Fracture with Corrected for 
Saz;le Thickness DSR Compression Load Fracture Origin Membrane Stress Membrane Stress 
No. in. Reading _o44sis = tbe _Origin _Factor. eee | < emnene eemeen meee | Rameaneee 
! 16 182.5 1098 195 0.12°T C 96 2760 24900 
2 1848 171.0 10293 171 I 1 25800 23200 
2 ~1h6 163.0 9809 1730 Ir } 25300 22800 
o eT ALS 183.8 11061 1615 Y } 24200, 21800 
E o LALA 183.€ 11061 1739 I } 26200 23600 
é - 1858 189.6 11422 1580 I 1 23400 21100 
7 - 185& 201.8 12144 1560 Ir 1 23100 20800 
¢ - 1835 189.8 11422 1676 I l 25400 2 
Q 1845 202.5 12186 2057 Ir 1 30900 27 
1c - 185F 177.0 10682 134) I l 1 17900 
is 2 1895 1€2.6 10989 1283 Ir i 18200 16400 
12 18 206. L2445 1914 I l 28600 25700 
12 . 1eG8 184.8 1112) 137% ? } 20600 l 
15 ~ 1888 188 ,f 11262 1890 [ } 27100 ah 
ie - 1860 200.0 12036 1536 I } 22700 20490 
1é » 1878 192.0 11614 1380 T } 20000 18000 
17 «1860 194.5 1170 1599 I 1 23700 21300 
1¢ 2860 yer? 1054 1216 T ] 2539: 22 
19 «GFE 165.5 7960 188) 0.12°7 0 96 26000 23400 
20 - 162% 209.F 13626 1806 0.12"T 0 96 26600 2390) 
2} ~1BES 18F.5 11344 1698 I l 25000 22500 
2D - 1860 192.2 11567 197) 0.3E"T oO BE 25700 23100 
ps - 18FO 109.8 10219 1533 4 1 22200 20000 
2G 1885 172.8 10459 1799 I i 25900 23300 
25 - 1860 166.5 10020 1536 I l 22700 20 
Mean Mean Mean 
11160 ; 24490 22040 
SD SD 
oon rid 
; 
30800 27 
Low Low 
18200 16400 
Nange Range 
12700 11400 


41 


TABL: 21 
INDIVIDUAL TESTING HESULTS, FULL TEMPER TYPc I MIL-G-25667 
SaMhPLi. SIZL 6-1/E x 6-1/8 x 3/16 IN., TESTING MsTHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINs -'INSTRON, LOADING RATE 5900" PSI/MIN, 


Breaking Stress 


average center average Surface Surface Breaking Fracture Breaking Stress Cerrected for 
Saaple Thickness Tension D352 Compression To center Load Fracture Origin with Membrane Meabrane Stress, 
iO. in. psi, Reading psi,  -iahio.. _ lb, Origin Factor) _ Stress, psi, psi, 

1 .1GHe 2E&3.9 17931 2530 I 1 36200 32600 
2 -1833 279.5 16379 2319 I 1 33300 30009 
2 LED 259.5 15617 2150 I 1 32400 29200 
1€35 243.8 14672 1689 I 1 2560 23000 

5 21235 265.8 15996 1819 I 1 27400 2470 
6 1849 229.5 1Bel2 2015 1 1 30400 27400 
7 21849 243.5 14654 Tabs I 1 21800 12600 
8 -1903 23C.5 14303 2150 I 1 30300 27300 
9 -1eh 279.9 16249 2990 I 1 31300 28200 
19 -187 2kh 23 14792 2450 I 1 35500 32000 
ll -1349 6561 24h ..0 14684 2.24 1830 I 1 27700 24900 
le - 1€38 6666 249.5 15015 2.25 1915 I 1 29000 26100 
1 18238 6635 238.8 14371 2.17 1625 I 1 24600 22100 
1 - 1869 6639 245.5 14774 2.2 1790 I 1 26400 23800 
15 1865 6859 237.6 14299 2. 1820 I 1 26800 24100 
16 1898 247.8 14913 2310 Ir 1 32800 29509 
17 2 185 6369 243.8 14672 2.1] 1750 I 1 26200 23600 
1@ 191 7016 263.8 15875 2.26 1930 I 1 27000 24300 
19 0199 7317 256.2 15418 2.11 2240 Ir 1 31400 28300 
20 01995 7906 275.2 16562 2.36 2015 I 1 28300 25500 
21 21929 6986 278.2 16742 2.40 2165 I 1 30000 27000 
22 19905 7199 249.0 14985 2.11 2165 I 1 30400 27400 
2 - 1883 7909 277.9 16670 2.38 2080 I 1 39000 27000 
2 «1999 6777 242.5 14594 aed 2389 I 1 33700 30300 
25 - 1898 6811 253-5 146 2.2 2070 I 1 29300 00 
26 -1896 6869 275.5 16585 2.40 2170 I 1 31200 28100 
27 «187 6757 224.5 13519 2.90 1500 I 1 21900 19700 

viean Mean Mean Mean Mean 

6879 15270 2.22 29300 26370 
3280 

High 

32600 

Low 
19600 
Range 


Sample 
No. 


INDIVIDUAL TESTING RESULTS 


Average 
Thickness 
in. 


2 2445 
- 2448 
- oHB2 
-2uhe2 
2445 
- 2428 
- 2428 
2428 
2425 
Bare 
2442 
- 2440 
- 24.38 
- 2408 
- 2410 
- 2408 
- 2410 
+2395 
"n08 
- 2398 
- 2408 
- 2400 
- 2408 
2405 
2410 
~2412 
2412 
-2432 


Breaking 
Load 


lb. 


1232 
984 
1460 
1376 
1229 
1006 
1182 
1214 
1026 
426 
1440 
1268 
912 
1210 
600 
626 
934 
1270 
1150 
830 
1C74 
936 
1104 
1190 
1120 
1152 
924 
1270 


TABLE 22 


Fracture 
Origin 


I 
O.11"T 0 
I 
0.13"T 0 


0.12"T 


Lon oe oe eB oe oe oe | 


os) 


Fracture 
Origin 
Facto 


lh oe ell el seal cel el el ce el cn oe ee oo 


‘oO 
F- Ww 


Se] 
On 


, ANNEALED TYPE I MIL-G- 25667 
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RING 
TESTING MACHINE - INSTRON, LOADING RATE 6000 PSI/MIN. 


Breaking 
Stress 


psi. 


10500 
7800 
12600 
11100 
8800 
8700 
10200 
10500 
8900 
3700 
11800 


8, 


TABLE 23 
- INDIVIDUAL TESTING RESULTS, 1/2 TEMPER TYPE I MIL-G-25667 
SAMPLE: SIZE 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHIN. - INSTRON, LOaDING RATE 6000 PSI/MIN, 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample ‘hickness Tension DSh compression To Center Load Fracture Origin Stress 
—No- im. = pst. Reading __ psi. Ratio lb. Origin Factor psi. 
1 -2410 3995 154.6 9304 2.33 2560 I 1 22500 
2 2240 3092 177.3 10670 2.74 2425 I 1 24700 
2 -2410 4068 160.3 9647 2.37 2660 0.13"h O 83 19400 
-2415 3855 152.0 9147 2.37 2245 I 1 19700 
5 241 3951 199.0 11976 3.03 2930 I 1 25700 
6 241 4338 172. 10369 2.39 2665 I 1 23300 
T 2388 3965 155. 9376 2.36 2570 I 1 23000 
8 237 pare 154.5 9298 2.36 2480 I l 22500 
9 -240 109 160.2 9641 2.35 2800 I 1 24700 
10 -2415 4 356 161.4 9713 a 28 2335 IT 1 20500 
ll 2243 2 6 155.8 9376 2.3 2425 Ir 1 24600 
12 +2370 17 157.8 30 2.27 2650 Ir l 24100 
1 241 81 134.4 088 2.12 2380 I 1 20900 
1 -236 063 166.2 10002 2.46 2120 I 1 19300 
15 +2393 4340 179.0 10772 2.48 2210 I 1 19700 
16 +2365 4143 - 143.5 8636 2.08 2780 §60.38"T 34° 0 -79 20100 
17 -2370 409 1238 9599 2.34 2040 I l 18600 
18 -2390 4247 159. 9617 2.26 2780) =O. 338"F. 6) 64 15900 
19 241] 4255 174.8 10519 ey 2790 I 1 24400 
20 241 4103 175.8 10580 2.5 2810 I 1 24600 
21 2403 pose 149.2 8979 2.36 2400 I 1 212G0 
22 2390 020 144.8 8714 2.17 2600 I 1 23300 
22 2410 3906 160.0 9629 2.47 2710 I 1 23 
2368 fon 191.5 11524 2.89 2050 I 1 18700 
25 22395 1 173-3 10429 2.49 2725 I 1 24300 
Mean Mean Mean Mean 
4060 9800 2.41 21980 


TABLE 24 
INDIVIDUAL TESTING RESULTS, 3/4 TEMPER TYPE I MIL-G-25667 
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - INSTRON, LOADING RATE 6000 PSI/MIN. 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress 
No. in. psi. Reading psi. Ratio lb. Origin Factor psi. _ 
1 .2378 6401 272.3 16381 2.56 3545 I a 32000 
2 .2378 6401 242.5 14594 2.28 2950 I 1 26700 
i -2370 6200 251.5 15135 2.44 3535 I l 32200 
-2358 6347 278. 16748 2.64 3250 Ir Lb 29900 
5 -2383 6656 262. 15815 2.38 3270 Ir 1 29400 
6 -2370 6665 264 .3 15900 2.38 3060 I 1 27800 
7 »2375 6475 282.3 16983 2.62 3355 I 1 30400 
8 +2370 5921 214.0 12879 2.18 3080 I 1 28000 
9 -2365 6622 281. 16923 2.56 3415 1g a 31200 
10 .2398 6686 251. 15153 2.27 3760 I 1 33400 
1l -2375 6209 259.3 15599 2.51 3290 I 1 29800 
12 -2370 6812 280.0 aecee 2.47 3330 I 1 30300 
l 2375 6467 253-3 15244 2.36 3110 I 1 28200 
14 2415 6492 260.0 aw 2.41 3235 I 1 28300 
L5 -2373 6486 248.4 14949 2.30 3335 ig se 30300 
16 2418 6399 273-0 16429 2.57 3645 I iL 31900 
17 .2378 6528 255.0 15346 Spe 3310 I ZT 29900 
18 +2363 6643 274.0 16489 2.48 2965 I 1 27100 
19 -2370 6492 282.5 17001 2.62 3150 I 1 28700 
20 2363 6200 256.5 15436 2.49 3660 I qd: 33500 
2l -2370 6505 275.0 16550 ae 3485 I 1 31700 
22 -2370 6643 269.4 16212 2.44 3025 Ir Ll 27500 
2 2368 6599 275.3 16568 2.51 3110 I a8 28300 
2 -2370 6482 271. 16321 ee 3765 I 1 34300 
25 -2415 6145 246. 14852 2.42 2500 0.06"R 0 -92 20200 
26 -2390 5693 287.0 17272 3.03 2505 { 1 22410 
Mean Mean Mean Mean 
6430 15900 2.47 Spot 
High 
371300 
w 
20200 
Range 


14100 


SAMPLE SIZE 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. 


Sample 
—No. 


Average 
Thickness 


in, 


2372 
-2368 
22358 
02368 
22370 
02372 
02418 
«2370 
2379 
2400 


239 
240 

2380 
+2398 
22370 
+2375 
2372 
2078 
240 

+2375 
+2370 
+2375 
+2372 
2370 
2372 


TABLE 25 
INDIVIDUAL TESTING RESULTS, FULL TEMPER TYPE I MIL-G-25667 


DIAMETER CONCENTRIC RINGS, 


TESTING MACHINE - INSTRON, LOADING RATE 6000 PSI/MIN. 


Center 
Tension 


psi 


Average 
DSR 


Reading 


Surface Surface Breaking 
Compression To Center Load 
psi Ratio lb. 
19510 2.64 3700 
17151 2.32 3450 
17151 2.41 3695 
17121 2.30 3930 
16459 2.30 3330 
18042 2.54 3840 
17242 2.39 3380 
17260 2.36 3660 
14973 2.32 3060 
16911 2588 3575 
17151 2.40 3815 
1636 Ae 3460 
1752 2.42 3505 
18054 B03 3940 
17224 2.41 3360 
16369 2.43 3480 
16682 2.32 3285 
17224 2.37 3250 
17001 2.38 3530 
17885 2.67 3440 
aieee 2.43 3380 
18566 2.59 3080 
18114 2.52 3490 
17091 2.26 3630 
17922 2.45 270 
Mean Mean 
17300 2.42 
46 


Fracture Breaking 
Fracture Origin Stress 


Origin Factor psi 


33600 
31400 
34000 
26700 
30300 
34300 
295 

33300 
27700 


0.1"R 


° 
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co 
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TABLE 26 
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667 
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - INSTRON, LOADING RATE 4000 PSI/MIN. 


Breaking 
Average Breaking Fracture Breaking Stress - psi 
Sample Thickness Load Fracture Origin Stress Excluding 
No. d in. lb. | Origin Factor psi Edge Breaks 
1 4822 6290 I 1 13800 13800 
2 -4835 4220 Be 1 9200 9200 
2 -4840 5690 I 1 * 12400 12400 
“4822 6420 OE -50 7100 
5 4825 4900 OE 50 5400 
6 -4830 5480 Or -50 6000 
? 4840 5130 0.36"T 0 88 9800 9800 
8 -4838 5170 OE -50 5600 
9 -4830 5620 Or -50 6200 
10 34855 5520 Or 59 6000 
1l -4810 2620 O.2"T 37 0 87 5000 5000 
12 “4812 4750 I 1 10500 10500 
1 -4820 5700 Or .50 6300 
1 -4810 5700 a4 1 12600 12600 
15 4855 5000 OE 50 5400 
16 4862 6080 Or -50 6600 
17 -4860 5400 I 1 11700 11700 
18 4842 5610 I 1 12200 . 12200 
19 4812 200 OE -50 700 
20 4835 60 OE -50 900 
21 4912 6590 Ir i 14000 14000 
22 4888 5850 Or -50 5300 
2 “4885 030 OE .50 ° 00 
2 4865 360 OE 50 700 
25 4955 4060 OE -50 4200 
26 4915 4900 Ir 1 10400 10400 
27 4905 4280 I 1 9100 9100 
28 4922 060 Or 50 — 5300 
29 24935 00 iD 1 9200 9200 
Mean 7930 10760 
SD 13090 2430 
High 14000 14000 
Low 4200 5000 
Range 9800 9000 


7 | 47 


TNT ETT Hp memo vn 


i 
- - " steer 
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TABLE 27 
INDIVIDUAL TESTING RESULTS, 1/2 TEMPER TYPE I MIL-G-25667 
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - INSTRCN, LOADING RATE 4000 PSI/MIN. 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress 
No, in, psi Reading psi Ratio lb. Origin Factor gsi 
1 .4883 4LO7k 145.0 8726 2.14 9885 I 1 21200 
2 -49h0 4210 140.0 25 2.00 10000 I 1 20900 
2 o4890 4332 159.8 9617 2.22 13380 I 1 28600 
“4910 4391 153.0 9208 2.10 14730 1.35"T 0 255 17200 
5 -4890 4159 117.0 7041 1.69 9810 0.65"T O .82 17200 
6 -4888 4255 138.3 8323 1.96 9810 I 1 21000 
; -4890 £308 156.3 94.06 2.18 13470 0.25"T 0 -92 26500 
-4928 4721 157.5 9478 2.01 11400 I 1 24000 
9 4925 4700 218.0 13119 2.79 11340 I 1, 23900 
10 -4910 4169 142.0 8546 2.05 11070 I 1 23500 
11 ~4925 4052 152.3 9165 2.26 13110 I 1 27600 
; 12 -4890 4169 153.5 9238 2.22 11820 I 1 25300 
' 1 -4968 4212 153.8 9256 2.20 9330 I 1 19300 
1 4885 4361 158.8 9557 2.19 10680 I 1 22900 
15 4875 4265 136.8 8233 1.93 13335 I 1 28700 
16 4948 4361 166.0 9990 2.29 10785 I 1 22500 
17 4975 4.338 131.5 7914 1.82 8730 0.35"T O 83 16000 
18 -4933 4313 169.5 10201 2.37 14370 I 1 30200 
19 -4970 bol 153.5 9238 2.17 9030 I 1 18700 
20 -4920 nS 167.3 10068 2.28 15570 I 1 32900 
21 4550 4370 145.0 8726 2.00 9225 I 1 19700 
22 ~4895 4308 Pe 8985 2.09 10650 I 1 22700 
2 -4920 ips 151. 9135 2.09 12000 Ir 1 25300 
2 04875 1 158.5 9539 2.16 12750 I 1 27400 
25 4928 4233 163.0 9809 2.32 10635 ug 1 22400 
Mean Mean Mean Mean 
& 4330 9240 2.14 astro 
4310 
‘ High 
i 32900 
Low 
16000 


po gr. aR 
laden 2d 


INDIVIDUAL TESTING RESULTS, 3/4 TEMPER TYPE I MIL-G-25667 
SAMPLE SIZ# 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN. 
Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress 
No. in. __psi_ Reading _ psi = -__ Ratio _ 1b. Origin Factor psi 
1 4928 5032 212.8 12806 2.54 13820 I 1 29100 
2 »4900 5091 223.0 13420 2.64 13550 I 1 28800 
2 4885 5096 206.8 T2445 2.44 12100 I 1 25900 
“11938 5085 216.5 13029 2.56 14020 Ir 1 29400 
5 -4883 5083 217.8 13107 2.58 11980 0.10"T 0 97 24.900 
6 4885 5080 213.0 12818 2.52 15630 I 1 33500 
7 ~4885 5099 186.5 11224 2.20 12890 I 1 27600 
8 4895 5048 207.8 12505 2.48 14420 I 1 30800 
9 -4878 5112 195.5 11765 2.30 11280 I a 24.200 
10 ~4895 5117 210.5 12668 2.48 12100 0.12"T 0 -96 24800 
11 4915 5187 216.8 13047 2.52 10750 I 1 22700 
12 4913 5064 221.5 13330 ee 11550 I 1 24500 
1 -4883 5053 191.8 115 " 2.2 13400 i 1 28700 
1 ~4875 5080 191.5 1152 2.27 8810 I 1 18900 
15 4898 5112 200.0 12034 2-33 10490 I 1 22300 
16 4900 5165 210.3 12656 2.45 13800 I 1 29400 
17 - 4920 5192 221.5 13330 ere! 12160 I 1 25700 
18 04905 5016 206.0 12397 2.47 11700 0.04" 0 99 24600 
4913 122 211.8 12746 2.49 11820 I 1 25000 
20 .4880 952 214.3 12897 2.60 14100 I ri 30300 
21 4943 4707 208.3 12529 2.66 13920 I 1 29100 
22 4885 5219 206.3 12409 2.38 11550 Z 1 24.700 
2 -4903 5123 223.0 13420 2.62 14130 I 1 30000 
2 ~4885 5181 178.0 10712 2.07 34760 I 1 31600 
25 4938 5136 210. 12656 2.46 12780 I 1 26800 
26 4885 5064 203. 12265 2.42 12150 I 1 26000 
27 -4933 5184 222.8 13408 2.59 15240 I 1 32000 
Mean Mean Mean Mean 27090 
5090 12540 2.47 SD 3380 
High 33500 
Low 18900 


Range 14600 


f~ 


TABLE 29. 
INDIVIDUaL TESTING RESULTS, FULL TEMPER TYPE I MIL-G-25667 
SAMPLi SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE ~ 3ALDWIN, LOADING RATE 5000 PSI/MIN. 


Breaking 
Average Center average surface Surface Breaking Fracture Breaking Stress - psi 
Sample Thickness Tension DSR Compression To Center Load Practure Origin Stress Excluding 
—ho. o_in, psi Reading _.pal Ratio Jb, _OQOrigin Factor psi Edge Breaks 
1 -4965 77% 285.5 17181 2.20 119890 I 1 24800 24800 
2 -497 7799 312.3 18794 2.44 12860 I 1 26600 26600 
i 493 2977 300.0 18054 2.26 12869 I 1 27000 27000 
-4878 8035 294.3 17711 2.20 15280 OE -50 16490 
5 4959 899 256.0 15406 1.93 14349 I 1 29900 29900 
6 4949 817 296.8 17861 2.19 16849 I 1 35300 35300 
7 4928 7799 300.9 18054 2.31 12190 Ok -59 12800 
8 ~4905 790 321.0 19318 2. 15860 I 1 33700 33700 
9 4943 7876 329.0 19799 2.51 14290 I 1 29900 29900 
19 494 604 323.8 19486 2.96 13589 OE -59 14200 
11 488 051 325.3 19577 2. 2 15780 0.13"T 0 96 32400 32400 
12 -4923 7615 296.3 17831 2.3 13069 I 1 27500 27500 
1 pes 97721 328.5 19769 2.56 153890 1 1 32700 32700 
1 487 81590 306.3 18433 2.26 15410 I 1 33100 33100 
15 04925 8222 251.3 15123 1.84 16169 I 1 349000 34900 
16 -4889 7948 288.3 17359 2.18 12280 I 1 26490 26400 
1 -4865 7953 325-3 19577 2.46 18470 I 1 9900 9900 
1 4905 7897 321. 19366 2.45 18929 I 1 9200 9200 
19 -4865 788 283.3 17049 2.19 12169 0.17"T 0 95 24900 24900 
29 4883 O41 325.3 19577 2.43 17540 if 1 37600 37600 
21 04915 784 328.5 19769 2.92 16499 I 1 34900 34900 
22 4955 7769 317.5 19107 2.456 1744O I 1 36300 34300 
2 «4929 7551 340.0 20461 2.71 16770 I 1 35 35400 
2 4933 7689 2 1.3 16327 2.12 14540 I 1 30500 30500 
25 -490 7349 282. 17019 2.32 13800 0.14"T 0 96 28200 28200 
26 491 7673 264.8 15936 2.08 16260 0.10"T -O 97 33300 33300 
Mean Mean Mean ‘ Mean Mean 
7859 18980 2.32 29920 31930 
3D 3D 
7130 4540 
High High 
49200 40200 
Low Low 
12800 24890 
Range Range 
27400 15400 


TABLE 30 
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667 
SAMPLE SIZE 6-1/8 x 6-1/8 x 3/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN. 


Breakin 
Average Breaking Fracture - Breaking Stress 7s 
Sample Thickness Load Fracture Origin Stress Excluding 
No, in. lb. Origin Factor psi Edge Breaks 
1 -7390 9750 OE -50 4600 
2 - 7412 8259 I ak 7700 7700 
2 7410 6600 OE -50 3100 
- 7362 14700 0.7"T O -76 10500 10500 
5 -7368 12620 OE 50 5900 
6 -7352 15920 0.32"T O -90 13500 13500 
7 7365 19320 mee | 1 18200 18200 
8 7359 11560 0.58"T 0 - 80 8700 8700 
9 ©7355 7820 OE 50 3700 
10 -7382 13220 OE 50 6200 
1l -7352 5920 OE 50 2800 
12 -7358 16400 0.8"T O -73 11300 11300 
1 -7350 6080 OE 50 2900 
1 7412 7000 1.4"T 0 53 3500 3500 
Bay - 7388 15420 Or .50 7200 
16 epee 10580 1.38"T 0 54 300 5300 
17 ~7+02 10000 _ Or -50 700 
18 7418 10880 1.38"T 0 54 5500 5500 
19 -7378 14360 a | al 13500 13500 
20 -7372 14840 Or -50 7000 
21 - 7360 13000 0.6"T O -80 9800 9800 
22 -7378 97290 0.55"T O 82 7500 7500 
Mean Mean 
7410 9580 
sD SD 
4020 4150 
High High 
18200 18200 
Low Low 
2800 3500 
Range Range 
15400 14700 
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TaBLE 31 
INDIVIDUAL TeSTING ALSULTS, FULL TcMPcR TYPe I MIL-G-25667 
SaMPLlc SIZk 6-1/8 x 6-1/8 : 3/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS, 
TASTING tinCHINi - BALDWIN, LOADING RATE 5000 PSI/MIN. 


Breaking 
Average Center average? Surface Surface Breaking Fracture Breaking Stress - pst 
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress _Excluding 
—to. io, pal Reading _psi  -. Ratio Jb, Origin Factor _opsi dZdge Breaks 
1 7435 8152 400. - 24102 2.96 49159 - 1 45400 45400 
2 747 8977 ree 22373 2.77 39850 I 1 36600 36600 
2 741 81290 12.8 24842 3.06 39350 1.26"T 0 58 21200 21200 
-7420 8369 77.5 22718 2.72 6700 I 1 34100 34100 
5 ©7375 89590 02.9 24192 2.99 5600 Or 5 21400 
6 7429 8983 399.5 24042 2.27 47900 I 1 44500 44500 
7 7383 8196 99.0 23479 2. 45450 Ir 1 42600 42600 
8 7419 8211 90.9 24072 2.93 2 350 I 1 5700 5700 
9 «7429 8328 359-3 23428 2.81 5909 I 1 2600 2600 
15 +7399 8154 19.0 25215 3.99 43250 I 1 49500 49500 
11 -7383 8175 492.0 24192 2.96 37009 Or 5 17300 
12 7385 7877 89.9 22868 2.90 29590 1.35"T 0 255 17009 27000 
t -742 8295 12.5 24824 3.03 1790 I i 38700 38700 
1 742 8277 369.3 21695 2.62 33350 Or 5 15400 
15 7419 8475 p32: 23639 2.79 7609 Or 5 17590 
16 7499 8493 06.0 24433 2.91 0490 Ir 1 37700 37709 
17 +7433 892 283.8 23097 2.93 38990 I 1 36000 36000 
18 »7429 bee 393.5 23681 2.77 29799 Or 5 9600 
19 7493 826 450.9 24072 2.91 B9?20 Or 5 18609 
20 £7435 8190 392.3 236 2.88 7459 ba 1 43900 43900 
21 27439 835% 387.3 23 a7 42900 I 1 39700 39700 
22 «7419 8247 p89-3 23 28 2. 39350 I 1 36600 36600 
5 Uae Gies, aaea © eae Shs 33820 tT 35700 $5}00 
7419 183 7.9 23299 3 
25 62405 8137 rete 24933 3.06 C8280 Ir 1 osko0 Beloo 
Mean Mean Mean Mean Mean 
8199 23779 2.99 gerne. 257° 
11190 7640 
High High 
45400 45400 
Low Low 
9600 27000 
Range ange 
35800 28400 
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TABLE 32 
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667 
SAMPLE SIZE 12-1/4 x 12-1/4 x 1/2 IN., TESTING METHOD 6 and 12 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN. 


Average Center Breaking Fracture Breaking 

Sample Thickness Tension Load Fracture Origin Stress 
No. in, psi lb. Origin Factor psi 
BR - 5000 ou 4580 I 1 2p00 
2 - 5000 238 4520 Ir _ 9400 
2 peer 246 00 Ir 1 9200 
-4980 240 4240 I 1 8900 
5 -4980 248 4780 I 1 10000 
6 4490 228 5980 I i. 12500 
7 4958 238 5560 1 1 11800 
8 .4972 240 5720 I 1 12000 
9 4952 229 5500 Ir 1 11700 
10 -4932 236 820 I 1 8200 
1l 4968 237 720 I 1 9900 
. 12 4985 241 4940 I 1 10300 
“ 1 - 5000 240 5500 I 1 11400 
1 -5010 241 | 260 I 1 10900 
15 .5008 233 760 I 1 9900 
16 5025 230 4740 I 1 9800 
17 -4990 228 4920 I 1 10300 
18 5025 229 500 Ir 1 11300 
19 4975 232 880 I 1 10300 
20 4995 232 5600 I 1 11700 
21 04975 234 660 I 1 11900 
22 4952 229 780 I 1 10100 
2 04975 232 240 I 1 11000 
2 4995 230 960 I 1 10300 
25 4985 232 5220 0.3"T 0 -96 10400 
26 4968 240 6000 I 1 12600 
27 4965 230 6220 I 7. 13100 
28 4958 226 5660 I a 12000 
29 4995 226 5300 I 1 11000 
Mean Mean 10740 
235 : SD 1200 
High 13100 
Low 200 
Range 4900 
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TABLE 33 
INDIVIDUAL TESTING RESULTS, 1/2 TEMPER TYPE I MIL-G-25667 


SAMPLE SIZE 12-1/4 x 12-1/4 x 1/2 aN TESTING METHOD 6 and 12 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN. 
Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress 
No, in. psi Reading psi Ratio 1b. Origin Factor psi 
1 5015 4486 158.8 9557 2.13 10840 I i 22400 
2 -4+982 462 154.0 9268 2.08 10920 I 1 22900 
2 .4922 YL} 169.0 - 10170 2.30 12680 il 1 27200 
.4960 LL 164.0 9870 2.20 11800 I 1 24900 
5 4968 L430 - 166.8 1003 2,29 11200 I 1 23600 
6 24985 L62u 163.8 985 2.13 12140 I 1 25400 
| 7 4950 4626 168.0 re 2.19 11720 I 1 900 
8 -4988 L554 155.5 2398 2.05 10540 I 1 22000 
9 4948 WEIL 168.5 10140 2.27 12240 I 1 26000 
10 .5022 4539 163.5 9839 2.19 10160 I 1 20900 
11 4975 4.537 171.8 10336 2.28 10580 I 1 22200 
12 -4980 reap 160.8 9674 2-13 10960 I 1 23000 
| ut -4968 Ligh 185.5 11163 2.4 11920 I l 25100 
1 5022 LLZ5 172.0 10351 2-33 11200 I 1 eae 
15 4982 1328 169.8 10216 2.3 11440 I al 
16 4952 LL99 161.0 9689 2.15 12660 I 1 26800 
17 -5032 4560 160.5 9659 2.12 9980 I 1 20500 
18 .5018 26 178.0 10712 2.42 11680 1.17"T 0 .80 19300 
19 -5022 eral 162.0 9749 2.20 10100 I 1 20800 
20 5015 4430 155.8 9376 2.12 9820 I 1 20300 
21 4985 4hgo 217342 10426 2.32 10980 I 1 23000 
22 4952 1 165.8 9975 2.25 12640 I 1 26800 
2 -4980 4375 167.2 10065 2.30 11520 I 1 24200 
2 4978 35 155.0 9328 2.10 12280 I i 25800 
25 4955 4390 164.8 9918 2.26 11060 I 1 23400 
26 -5010 4418 150.5 9057 2.05 10940 I a 22700 
Mean Mean Mean Mean 
4480 9920 2.22 23510 
SD 
2150 
High 
27700 
Low 
19300 
Range 
7900 
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TABLE 34 
INDIVIDUAL TESTING RESULTS, 3/4 TEMPER TYPE I MIL-G-25667 
SAMPLE SIZE 12-1/4 x 12-1/4 x 1/2 IN., TESTING METHOD 6 and 12 IN. DIAMETER CONCENTRIC RINGS 
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN. 


bf 


Average Center Average Surface Surface Breaking Fracture Breaking 

Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress 
No, in, psi Reading psi Ratio lb. Origin Factor psi 

1 -4968 5031 193.5 11645 2.31 13000 I 1 27400 

ee ee LT 3o988 

e gto 5293 215.0 12939 244 11420 0.2"T 270 94 22800 

5 4925 5417 222.8 13408 2.48 11780 I 1 25300 

6 04975 5050 199.2 11991 2.37 11540 I 1 24200 

7 4940 5114 218.2 13134 2592 11660 I q 24800 

8 4992 5059 203.8 12262 2.42 11480 I 1 24.000 

9 4915 5436 231.2 13917 2.56 13520 I 1 29100 

10 -4980 5421 213.2 12833 eB? 15520 I 1 32500 

vy 4965 5414 219.2 13291 2. 16280 I 1 34300 

12 -4900 5676 237.2 14278 2.52 13480 I 1 29200 

1 -4930 5591 233.5 14052 3-92 13320 Ir 1 28500 

1 “11232 2389 214.8 12924 2.40 12240 I 1 26100 

9 5400 224.8 13525 S-0 12960 i 1 27200 

5453 225.8 13586 2.49 13860 I 1 29600 

5410 223.5 13450 2.49 14050 I i 29800 

5640 209.5 12608 2.24 11810 I 1 24300 

5329 216.2 13014 2.44 12830 I 1 26800 

5429 218.8 13164 2.42 13520 iT 1 28500 

5325 204.5 12307 2.31 12420 I 1: 25900 

5276 218.8 13167 es 13260 I 1 28000 

5265 211.5 12728 2.42 11470 q it 23700 

5016 181.8 10938 2.18 14900 I 1 31100 

5314 218.2 13134 2.47 12760 I 1 26500 

5299 209.5 12608 S rr 13840 I 1 29500 

5368 217.2 13074 2; 13140 I 1 27900 

Mean Mean Mean Mean 27460 

5320 12910 2.42 anh Price 

Low oH ha 

Range 11500 


99 


TABLE 35 
INDIVIDUAL TESTING RESULTS, FULL TEMPER TYPE I MIL-G-25667 
SAMPLE SIZE 12-1/4 x 12-1/4 x 1/2 IN., TESTING METHOD 6 and 12 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN. 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress 
No, in. psi Reading psi Ratio lb. Origin Factor psi 
1 nel) 7515 300.2 18069 2.40 16340 I 1 34800 
2 4960 7331 291.8 17558 —— 2.40 15000 I i 31700 
3 -5010 7338 292.8 17618 2.40 13560 Ir a: 28100 
-4960 7353 315.2 18972 2.58 15340 0.1"T 68 0 -90 29300 
5 25025 7042 340.2 20476 2.68 15840 I 1 32600 
6 . 2p2 7395 315.8 19002 2.57 15360 I 1 32800 © 
7 74 ) 7389 320.0 19258 2.61 15940 I 1 32600 
8 -4958 7474 293.0 1763 2.36 14500 I 1 30700 
9 ~4965 7549 325.0 1955 2.59 15220 Ir 1 32100 
10 .4982 7591 328.5 19769 2.60 12900 Ir 1 27000 
11 4985 74.87 271.8 16354 2.18 15310 I 1 32000 
12 -4992 7578 337.4 20305 2.68 16680 I at 34800 
1 «4910 735 289.5 17422 ats 14100 I | 30400 
1 -4978 73 296.5 17843 2. 15240 I 1 32000 
15 - 5060 7280 283.5 17061 2.34 14520 I 1 29500 
16 -4928 7323 289.8 17437 2.38 16140 i 1 34600 
17 -4960 7346 316.5 19047 2.59 17060 O.1"T O -97 35000 
18 5005 7410 313.5 18866 2-27 13740 a 1 28500 
19 4960 7587 320.2 19273 2.5 17340 I 1 36700 
20 4942 7636 359.2 21617 2.83 15560 I 1 3100 
21 4950 7500 311.5 18746 2.50 19600 I 1 1600 
22 -4932 7468 330.2 19874 2.66 17720 I 1 37900 
2 4972 7566 335.2 20175 2.67 17120 Ir 1 36000 
2 4970 7425 330.0 19859 2.67 15420 I 1 32500 
25 5015 7148 307.2 18490 2.59 13980 I 1 28900 
Mean Mean Mean Mean 
7ULO 18810 2.53 32610 
SD 
3350 
High 
41600 
Low 
27000 
Range 
14600 
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TABLE 36 
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667 
SAMPLE S{Z 12-1/4 x 12-1/4 x 3/4) IN., TESTING METHOD 6 and 12 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN. 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress 
No, in. psi Reading psi Ratio lb. Origin Factor psi 
1 72 328 15240 I a 14300 
2 7445 302 12740 I 1 12000 
3 27435 312 anne I i 14200 
i -7500 314 14440 0.25"T 0 96 12900 
5 -7518 349 10120 I Be 9300 
6 -7508 320 9120 0.50"T 0 92 7700 
7 -7482 296 12480 I 4 11600 
8 7495 296 14840 I 1 13700 
9 7440 309 12320 I 1 11600 
10 7532 301 10400 0.50"T 0 92 8800 
ll 7478 306 10840 I 1 10100 
12 «7515 290 8240 I 1 7600 
1 7522 221 9400 I 1 8600 
1 bis 274 8920 Or -50 4100 
15 2512 ak5 10120 I 1 9300 
16 7 10 325 9800 Or 50 4500 
17 7450 322 12060 0 50 9600 
18 «7432 328 14180 I 1 eee 
19 7425 342 13600 OE 50 6400 
20 7450 325 14500 I 1 13600 
2l 7528 343 15500 0.55"T 0 91 12900 
22 «7528 346 12640 Ir 1 11600 
2 aoe 240 7960 125'rO 79 5800 
2 67425 346 14180 I 1 13400 
25 7438 325 11260 I 1 10600 
26 7528 32 13460 I 1 12400 
27 -7520 32 11980 Ir 1 11000 
28 7538 322 12120 I 1 11100 
29 aeore 328 9420 I 1 8700 
30 -7530 317 15580 it 1 14300 
31 7462 309 13520 I 1 12600 
Mean Mean 10570 
311 SD 2890 
High 14300 
Low 4100 


Range 10200 
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TABLE 37 
INDIVIDUAL TESTING RESULTS, FULL TEMPER TYPF I MIL-G-25667 
SAMPLE Sida i2-1/4 x 12-1/4% x 3/4 IN., TESTING METHOD 6 AND 12 IN. DIAMETER CONCENTRIC RINGS, 
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN. 


Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress 
No. in. psi Reading psi Ratio lb. Orlgin Factor psi 
1 - 7502 8060 386.0 23020 2.88 31300 I 1 28900 
2 -7TH48 8083 336-3 2145 2.65 40200 Ir i 37700 
3 -7455 8077 372. 22432 2.77 39500 As A 37000 
4 -7502 8247 414.0 24915 3.02 39200 I 1 36200 
5 - 7560 8509 369.0 22206 2.61 44000 iH 1 40000 
6 -7572 8188 400.0 24072 2.94 43900 TI 1 39800 
7 -7502 7591 347.2 rei 2.75 35350 I 1 32700 
8 alee 7715 354.6 21340 2.77 38100 ul 1 35300 
9 «THAS 7689 344 4 20726 2.69 36200 I 1 34000 
10 - 7460 7655 351.8 21168 2.76 38600 I 1 36100 
11 -7562 7685 365.4 21990 2.86 38350 0.23"60°T 0 -90 34900 
12 -THT5 7551 362.2 21800 2.89 36450 i 1 33900 
13 -7550 8160 353.5 21274 2.61 35400 T 1 32300 
14 -7508 8220 379.2 22823 2.77 37300 I 1 34400 
15 THe 8188 418.5 25185 3.07 42400 I 1 38900 
16 -7522 8275 407.8 24538 2.96 33000 I 1 30300 
17 - 7530 8367 400.5 24102 2.88 39950 I 1 36600 
18 -75 3 8290 399.2 24027 2.90 39600 t 1 36200 
19 -74 8528 hYALS 24945 2.92 41300 I 1 38200 
20 -7480 8324 383.0 Spots ag 42000 I 1 39000 
21 -7460 8330 399.0 24012 2. 36300 I 1 33900 
22 -7498 8303 436.8 26287 3.16 35150 I 1 32500 
2 -7512 B49h 434.2 26130 3.08 44400 I 1 40900 
2 -7508 772 435.2 26193 3.37 44150 I 1 40700 
25 -7460 137 420.5 25306 3.11 42550 I 1 39800 
26 «7435 8092 392.5 23621 2.92 37700 I 1 35500 
Mean Mean Mean Mean 
8100 2 3370 2.88 gaaee 
3190 
High 
40900 
Low 
28900 
Range 
12000 


TABLE 38 
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667 
SAMPLE SIZE 3 x 13 x 3/16 IN., TESTING METHOD - BEAM LOADING - 4 AND 12 IN. SPAN. 
TESTING MACHINE - INSTRON, LOADING RATE 4000 PSI/MIN. 


Average Average Center Breaking Fracture Breaking 
Sample Thickness Width Tension Load Fracture Origin Stress 
No. in. in. psi 1b. Origin Factor psi 
1 . 1930 2.990 146 110.6 IC 1 11900 
2 1925 2.970 154 100.0 1.50" oC -63 6800 
3 .1918 2.985 153 64.2 IE 1 7000 
4 1915 2.995 146 56.8 Ic 1 6200 
5 1915 2.980 141 104.8 IC 1. 11500 
6 .1910 2.970 142 108.6 IE 1 12000 
7 .1925 2.985 146 69.6 Ic 1 7600 
8 .1932 2.990 153 94.6 0.14" oc -97 9800 
9 1935 2.985 159 122.4 0.28" oc -93 12200 
10 -1940 2.980 157 88.8 0.13" oc .97 9200 
11 .1948 2.985 146 121.8 0.17" OF .96 12400 
12 .1950 2.990 153 120.4 Ic uf 12700 
13 - 1955 2.980 143 116.6 Ic 1 12300 
14 .1952 2.985 144 125.2 0.26" o 94 12400 
15 .1950 2.995 153 138.4 Ic 1 14600 
16 .2908 2.990 153 100.0 0.75" oc 81 9000 
17 .1915 2.990 149 117.8 0.78" OE .81 11100 
18 .2005 2.985 157 138.4 IE He ies 
19 .2006 2.980 143 96.6 0.62" oc .85 200 
20 .2003 2.985 153 ape 1.92" OC .52 5200 
21 2001 2.985 141 104.0 Ic 1 10400 
22 .1994 2.980 147 90.0 0.13" oC -97 8800 
23 1983 2.985 143 112.8 IC 1 11500 
24 1924 2.990 Lhe 121.2 Ic 1 13100 
25 .1918 2.985 141 121.6 IC r 13300 
26 .1916 2.975 143 126.4 Ic 1 13900 
27 -1910 2.980 136 90.4 IE 1 10000 
28 .1961 2.990 142 64.8 Ic 1 10800 
29 -1963 2.985 139 118.6 0.08" oc .98 12200 
30 1964 2.980 143 149.6 Ic ue 15600 
31 . 1966 2.990 143 130.2 IC 1 13500 
Mean Mean Low 
147 10940 5200 
sD Range 
2610 10400 
High 
59 156C0 
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TaBL. 39 
INDIVIivUaL T2STING AsSULTS, 1/2 TEMPER TYP I NIL~-G-25667 
SAMPLi 312 3 x 12 x 3/16 Ivey TsTING M:THOD - Sah LOADING - & AND 12 IN. SPAN, 


TOSTING MACHING - INSTRON, LOADING RATE 4000 PSI/MIN. 
Average Average Center Average Surface Surface Breaking Fraction Breaking 
Samnle Thickness Width Tension DSR Compression To Center Load Fraction Origin Stress 
No. in, in. psi Reading psi Ratio 1b. Origin Pactor psi 
} ©1068 2,00 42k3 14h .6 8702 2.04 176.0 IE 1 18300 
2 1045 2.98 k112 175.2 10547 2.5 216. IE 1 22 
3 . 1956 2.98 4087 146.2 8801 2.1 201. IE 1 21300 
h 1956 2.98 06% 139-0 8365 2.10 191.6 IE 1 20200 
5 . 1952 2.9 0°00 164.2 9882 2,40 192.4 0.21" OF 95 uyeoe 
€ .2910 2.9 po28 158.8 9554 2.42 223.4 Ic 1 24600 
7 .2a00 2.99 05 155.2 Be 3 2.2 177.4 Ic 1 19700 
R . 1062 2.98 kn 181.2 poo 2.0 200.0 IE 1 21000 
Qq ~ 1960 2,98 8077 156.5 9418 2.30 171.2 me a 18000 
in -1918 2.98 4017 160.0 9629 2.38 rf ee Ic 1 25800 
11 . 1960 2.9 4038 150.8 9072 2.2h 186.0 Ic 1 19 
12 ~ 1MFY 2,9 023 154.8 316 2.36 227.0 Ic 1 23 
13 ~ 1957 2.98 lll 149.2 979 2.17 209.0 IE 1 22000 
14 . 1058 2.98 cone 159.0 9569 2.35 202.0 IE 1 21200 
15 .1972 2.97 Ye) 156.4 9412 g +ge 204.0 IE 1 21200 
14 - 1953 2,09 3953 160.8 O6T74 2.42 215.5 Ic 1 22700 
17 1953 2.9 3022 170.2 10246 2.60 193.2 IE 1 20300 
18 .10 2,0 3287 156.0 9388 2.34 195.8 YE 1 50800 
19 .108) 2.98 066 130.0 7 38 1.91 201.0 Ic 1 21500 
an .1938 2.90 kO3R 172.8 103 2.57 223.0 1c 1 23900 
21 *aape 2,99 holl 179.0 10772 2.67 226.5 Ic 1 24300 
22 198) 2.90 3968 145.2 8741 2.19 223.0 IE 1 $3800 
23 .1950 2.98 3953 171.2 10306 2.39 183.2 Ic 1 19400 
ah 21931 2.99 * 139.8 8410 2. 253.5 0.70" oc 83 22500 
Mean Mean Mean Mean 
4030 9370 2.32 Pi be 
2080 
High 
25800 
Low 
. 18000 
Range 
7800 
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INDIVIDUaL TUSTING RESULTS, 3/4 TrMPcR TYP. 1 MIL-G-25667 
SahPic SIZ. 3 x 13 x 3/16 IN., ToSTING MsTHOD - BLAM LOADING - 4 AND 12 IN. SPAN, 
TLS ING MacCHING - INSTHON, LOADING .inTL 4000 PSI/MIN. 


Average Average Center Average Surface Surface Breaking Praction Breaking 

Samrie Thickness Width Tension DSR Compression To Center Load Praction Origin Stress 

No. in. in, psi Reading psi Ratio lb. Origin Pactor psi 
1 -1%51 2.°80 5340 171.0 10291 i. 203.0 0.21" OC 95 20400 
2 - 1951 2.985 5402 163.0 9809 1.81 228.0 Ic 1 24100 
2 ~1951 2.980 54 k6 175.8 10777 1.93 260.5 Ic 1 27600 
. 1962 2.980 5276 187.5 11284 2.13 258.5 IE 1 27000 

5 .1a50 2.980 5272 184.0 11073 2.09 208.5 Ic 1 21900 
f . 1960 2.980 526 198.2 11931 2.26 247.0 0.32" OF 92 23900 
T «1952 2.980 527 202.8 12201 2.30 196.5 IE 1 20800 
8 . 1952 2.980 5510 180.0 10832 1.96 192.0 IE 2 20300 
o .1ns§0 2.980 5 201.0 12096 2.22 197.0 ic 1 20700 
19 »195 2.980 5487 203.5 12247 2.22 244.0 Ic 1 256000 
11 19 2.980 5210 165.0 9930 1.90 176.0 Ie 2 138600 
12 , 10k? 2.980 5152 215.2 12954 2.50 214.0 IE 1 22800 
13 .1931 2,980 5410 210.2 12653 2.33 246.0 IE 1 26600 
14 . 1982 2.980 5340 222.5 23820 2.50 230.0 zc 1 23600 
15 - 1088 2.980 5427 190.2 121449 2.10 226.0 Ic 1 23100 
1€ . 1980 2.980 5214 206.5 12427 2.37 244.0 IE By 25100 
17 - 1048 2.980 5289 177.2 10667 2.01 209.0 IE 1 22200 
18 ,1akaq 2.980 5236 195.8 pair 2.24 202.5 TE 1 21500 
in .1987 2.980 52 36 212.0 127 2.42 219.0 Ic 1 23200 
2n 1943 2.980 5289 202. 12186 2.29 243.0 Ic 2 25900 
21 - 1970 2.980 5307 202, 12201 2.25 288.5 Ic 1 29700 
22 . 1982 2.980 5210 1 ae 10802 2.06 214.5 Ic 1 22000 
23 - 1088 2.985 5393 185, 11157 2.06 253.5 Ic 1 26900 
2a »19§N 2.9080 §310 -202.2 12171 2.28 222 .0 IE 1 Se eoe 
25 - 1061 2.9280 5308 226.0 13601 2.55 253.5 IE 1 26600 

Mean Mean Mean Mean 

5220 11700 2.19 ance 

2750 

High 

29700 

Low 

18600 

Range 

11100 
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TABLE 41 
INDIVIDUAL TeSTING RESULTS, FULL TemPER TYPE I MIL-G-25667 
atPL: STZ: 3 x 13 x 3/16 IN., TESTING METHOD - BEaM LOADING - 4 AND 12 IN. SPAN, 
TLSTING MACHINE - INSTRON, LOADING RATE 4000 PSI/HIN. 


Average Average Center Average Surface Surface Breaking Fraction Breaking 
Samrle Thickness Width Tension DSR Compression To Center Load Praction Origin Strese 
No. in, in. psi Reading pai Ratio lb. Origin Factor psi 
1. . 1980 2.980 TT23 a Ca 16586 2.14 254.0 0.07" OF 98 25700 
2 21973 2.980 TOUT 284.0 17091 2.21 250.0 JE 1 2 
3 .1977 2.980 790 289.2 17407 2.1 284.5 IE 1 29300 
h- 1052 2.980 7939 aie 16565 2.1 258.0 IE 1 27300 
5 .1951 2.080 716 288.2 1734 gee 251.5 IE i 2 
A . 1972 2.980 7604 322.0 1 2. 266.0 IE 1 27600 
7 197 2.980 7B8ka 300.0 18054 2.29 251.5 0.70" OE 83 21500 
A .197 2.980 TT34 273.5 16459 2.12 270.5 IE 1 27900 
ke) 1078 2.980 T7298 2 rar 171812 2.19 244.0 IE 1 25200 
10 .1078 2.980 7593 274. 16538 2.17 276.0 i 1 28500 
11 . 1978 2.980 76k9 301. 18144 2.36 264.0 IE 21 27200 
12 . 1975 2.080 7670 291. 17RR8 2.28 296.0 0.3%" OF 92 2 
1 . 1998 2.980 7630 297.2 17889 2.33 265.0 IE 1 26800 
1 .2003 2.975 76 293.0 17633 2.29 a te IE 1 25000 
15 -2903 2. Thee 251.2 15120 1.95 238.5 Ie il 24000 ' 
1F 2005 2.980 66 250.2 15060 1.90 303.0 IE 1 30400 
17 . 1070 2.080 7544 288.8 17377 eer 246.0 IE 1 2 
1A . 1nfa 2.975 T7804 284.0 17091 2.1 257.0 IE 1 2 | 
19 - 1967 ooke 78TT 286.2 17227 2.18 274.0 i 1 26600 
2n .1970 2.980 7317 208.2 17949 2.45 261.5 IE 1 26900 
21 .10978 2,980 7670 268.4 16152 2.10 293.5 IE 1 30200 
22 .197 2.980 7898 302.5 18204 a 301.0 IE 1 31200 
22 .197 2.980 TT28 278.5 16760 2.1 253.5 IE 1 26200 
Mean Mean Mean Mean 
7700 17160 2.22 27040 


TABLE 42 
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667 


SAMPLE SIZz 3 x 13 x 1/4 IN., TESTING METHOD - BEAM LOADING - 4 AND 12 IN. SPAN, 
TESTING MACHINE - INSTRON, LOADING RATE 4000 PSI/MIN. 


Average Average Center Breaking Fracture Breaking 
; Sample Thickness Width Tension Load Fracture Origin Stress 
No. in. in. psi lb. Origin Factor vsi 
2438 2.99 170 138.4 IC 1 9300 
22435 2.99 183 154.2 IE 1 10400 
.2438 3.00 179 157.1 IC i 10600 
.2438 3.00 181 123.1 IC 1 8300 
2425 2.98 200 152.3 Ic 1 10400 
62393 3.00 166 148.4 0.20" oC 95 9800 
.2393 2.98 128 77.3 O.11" o -97 5300 
.2380 3.00 100 128.9 Ic 1 9100 
-2395 3.00 134 82.5 0.62" 0C BY 4900 
-2393 2.99 102 84.2 IE 1 5900 
-2390 3.00 128 93.6 IE 1 6600 
.2393 3.01 134 92.3 IE 1 6400 
22395 3.01 109 156.0 IE 1 10800 
.2395 3.00 126 134.0 IC 1 9300 
-2373 3.01 132 107.8 Ic di, 7600 
.2370 3.00 228 140.0 IE 1 10000 
.2398 3.00 164 106.8 IC 1 7400 
~2405 3.00 94 159.8 TC 1 11100 
.2390 3.00 113 130.3 IE 1 9100 
.2400 3.01 132 170.7 IE 1 11800 
-2398 3.00 109 167.0 oO.49" OC .88 10200 
-2395 3.01 117 147.0 0.54" OE -86 8800 
.2410 2.00 176.2 IC 1 12100 
~2405 3.00 124.0 IE af 8600 
.2380 2.06 149.6 Ic 1 10600 
.2385 3.00 140.0 IE 1 9800 
-2380 3.00 133.2 0.37" OE £91. 8500 
.2385 3.00 154.2 IE 1 10800 
Mean Mean 
142 9050 
SD 
1920 
High 
12100 
His 
900 
63 eee 
HBAGS 
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ou TaBLe ’ 43 aa 
INDIVIDUAL TESTING RuSULTS, 1/2 TeAPuR TYP I MIL-G-25667 
SAMPL. 3IZc 3 x 13 x 1/% IN., TcSTING METHO” -BrAM LOaDING - 4 AND 12 IN. SPAN, 
TESTING MaCHINa = INSTRON, LOADING RaTc 8000 PSI/MIN. 


Average Average Center Average Surface Surface Breaking Fracture S5reaking 
Sample Tnickness Width Tension DS Compression To Center Load Fracture Urigin Stress 
No... im. ims pat. heading _ psi. —ss- _Katio§ _.tb- Origin factor pai: 
1 °2395 3-00 401 169.0 10170 2.53 289 Iz 1 20200 
2 -2390 3-01 405 140.5 8810 2.17 205 Iz 1 1 
2 -2393 3.01 3972 163.3 24 2.47 2 IE r i 
+2363 3-00 3813 139-5 3 2.20 6 0.18" OB -96 23300 
5 +2363 3-00 3887 133- 9 2.07 94 IE 1 21100 
6 -238 3.00 887 174.0 10471 2.69 306 Iz 1 21500 
7 023 3.60 O47 178.8 10757 2.66 290 Iz 1 
8 +23 3-00 382 171. 10321 2.70 366 1c 1 27600 
? +2383 3.01 9 164. 9915 2.48 23 IZ 1 1 
10 «2386 3-01 07 174. 10501 2.57 33 Iz 1 2 
ll -2393 3.00 406 144. 8711 2-14 270 Iz 1 1 
12 23 3-00 4100 162.8 979 2.39 215 Iz 1 15100 
+2385 3-00 4749 195-3 9343 1.97 217 Ic 1 1 700 
1 wale 3.60 32 ) 165.0 9937 2-93 20 IZ 1 22100 
1$ +237 2.99 7 162.8 979% 2.42 98 0.38" O8 90 19100 
26 23% 3.00 4154 169.8 10216 2.46 259 IE 1 18100 
1 +236 3.00 802 133-5 8034 2.11 297 0.76" OB 61 i 
1 -2388 3.00 O04 160.0 962 2.40 323 Iz 1 2 
19 2388 3.00 4207 153.0 20 2.19 327 Ic 1 22900 
20 22385 3-00 3983 13 3 Ov 2.06 325 0.68" Of 83 19000 
21 » 2403 3.00 3909 141. 31 2.18 343 TR 1 23900 
22 «2373 3.00 p962 141. u615 2-16 Iz 1 
23 -2393 3.00 143 140. re) 2. 331 Iz 1 23100 
-2390 3.00 4132 161.0 9689 2.34 261 IE 1 1 
25 +2300 3.00 399% 152.0 9147 2.29 281 tc 1 
Mean Mean Mean Beas 
4030 9380 2-33 20250 
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= Tadley 

. INDIVIDU. TESTING RuSULTS, 3/4 TEMPLR TYP.c I MIL-G-25667 

SaMPL.. SIZu 3 x 13 174 IN., TUSTING MeTiHiOD - BuaMd LOADING - Go atD 12 IN. SPall, 
TASTING MaCHINse - INSTRON, LOADING RaTo 8900 PSI/MNIN. 


_ Average Average Center Average Surface Surface Breaking Fractare Breaking 
sample Thickness Width Tension DSR Compression To Center Load Fracture Origin Stress 
Now o.fdns tm... psi  fReading -. psi Ratio Jb. Origin Factor. pal. 
1 » 2390 3.00 4899 1940 11674 2.38 247 Ic 1 17900 
2 - 2400 34.00 5346 +2103 1265 2.37 29 Te 1 20500 
3 22395 2.99 522 229 1379 2.6% 37 0.31" Oz 792 24300 
& 2373 3.00 521 “213 12863 2.46 301 0.08" Os 98 21 
? - 238 3.00 4920 -1760 10592 2.15 249 0.24" Od 9% 16400 
. 2380 3.00 5005 1903 11449 2.29 289 «260, 88" = Os 78 15900 
i : oR 3.00 5293 - 1850 1113 2.10 282 Ic 1 19500 
238 3.0¢ 5112 1865 112 2.20 278 Ts 1 19500 
3 . 2388 3.00 5378 - 1835 11043 2.05 277 Ic 1 19 
10 2410 2.99 5187 22003 12051 2.32 384 Ig 1 500 
li ~2410 3.00 5368 1973 11871 2.21 295 Is 1 20300 
12 2383 3.00 5304 1915 11524 2.17 277 Ic 1 19500 
13 - 236 3.00 529 - 2150 12939 2b 323 1s 1 23000 
1h - 2385 3.90 553 . 2190 13179 2.38 259 Is 1 18200 
15 - 2408 3.06 5410 1835 11043 2.04 336 Iz l 23300 
16 2388 3.00 5421 - 200 12081 2.23 296 s 1 20800 
17 -238 3.01 5485 01995 12006 2.19 330 Ic 1 23100 
18 - 2380 3.00 5261 - 1980 11916 2.26 315 Té 1 22200 
19 2410 3.00 5144 1913 11512 2.24 272 Td 1 18700 
20 - 2380 3.00 5133 01775 10682 2.08 327 Ic 1 23100 
21 - 2408 3.01 §112 1913 11612 2.25 313 Is 1 21600 
22 - 24.08 2.99 5048 - 2005 12066 2.39 286 Ie 1 19800 
33 2408 2.99 5208 ste 1173 2.25 277, 0. Flt é 82 15800 
- 2398 3.00 5272 .1870 112 ae 291 IE 1 20200 
25 . 2388 3.01 5176 22115 12728 2. 349 =0.97" Z 76 18500 
Mean Mean iWean Mean 
5230 11860 2.27 20340 
SD 
2630 
High 
26500 
Low 
15800 
Range 
107 


niece 
INCIVISVaL TeSTING RUSULTS, FULL TLAPLR TYPL I MIL-G-25667 
SAMPLE SIZi. 3 x 13 x U/4 ING, TaSTING MuTHOD - BeaM LOADING - & AND 12 IN. SPaN, 
TsSTING NaCHINs - INSTHON, LOADING HaTu 8000 PSI/MIN. 


Avarage Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Width Tension DSR Compression To Center Load Fracture Origin Stress 
Noe ip, dp. Pal. feading psi Ratio Jb, —_Origin Factor. J pai 
1 22395 Ol 7285 269.5 16218 2.23 320 Ig 1 22200 
2 3053 3°50 7125 292.5 17603 2.47 348 p E> 1 24100 
e - 2385 3.00 TR49 28% .3 1710 2.33 387 Ik 1 27200 
2365 3.00 7189 ea 1680 2.3 372 Ie 1 26600 
5 02395 2.98 722 7. 16718 2.31 278 Tce 1 17poe 
6 2373 3.00 7221 287.0 17272 2.39 344 Is 1 
7 7 2.99 7380 258.3 15 2.11 390 Ic 1 27200 
8 - 2368 3.00 7370 ore e 15857 ey: con Is 1 20200 
9 .2390 2.99 7029 254.5 15316 2.1 3 Is i 27700 
10 - 2410 2.99 7199 257.3 15484 2.15 368 0.31" OF 92 2 
ll ate 3.00 7285 281.3 16929 2.32 380 §=61.18" Oz 70 1 
12 23 3.00 7306 2038 17049 2-33 329 Is 1 22900 
1 22383 2.99 7412 290. 17500 2.3 375 0.52" Os 87 23100 
1 +2395 2.99 7466 318.5 19167 2.57 300 lz 1 21000 
15 2373 3.00 7306 288. 17350 2-07 95 0.5%" = 86 24300 
16 24] 3.01 7455 300. 18102 2.43 17. 0.93" »=OZ 77 21900 
17 24) 2.98 7583 29 3 18012 2.37 339 IE 1 23400 
18 - 2368 3.00 7349 268. 16176 2.20 274 Iz 1 1 
19 22365 2.99 728 1.5 17542 2.41 391 Iz 1 28100 
20 22385 3.00 743 284.5 17121 2.30 312 Iz 1 21 
21 238% 3.00 7455 284.0 17091 2.29 395 Ic 1 27 
22 . 8 3.00 7455 285.8 17199 2-02 36 0.22" S oF 24300 | 
Da . 2.99 7487 300.8 18102 2.42 31 Ig 1 22200 
.2385 3.00 7508 3.8 17982 2.39 352 5 1 24.800 | 
25 « 22393 3.00 7498 288.5 17362 2.32 377 & 1 26300 | 
Hean Mean Mean Mean { 
7350 17210 2.32 een | 
2800 | 
Hi 
28100 
Low i 
18400 
Range 
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SAMPLE SIZE 3 x 13 x 1/2 IN. 


Average Average 
Sample Thickness Width 
No. in. in. 
1 -4958 3.00 
2 4935 3.00 
3 “1232 3.00 
4 4943 3.00 
5 «4950 2.99 
6 -4960 3.00 
7 4915 3.00 
8 «4920 2.99 
9 4925 2.99 
10 4928 3.00 
11 -4910 3.00 
12 -4893 2.97 
He | 4895 2.97 
14 - 4900 2.96 
15 -4900 3.02 
16 4918 2.98 
17 - 4898 3.00 
18 4928 2.99 
19 4933 2.97 
20 4905 2.98 
21 4905 2.98 
22 -4908 2.97 
23 -4900 3.02 
a -4918 2.97 
25 4918 3.00 
26 4928 2.97 
27 04935 2.99 
28 - 4930 2.97 


TABLE 46 


INDIVIDUAL TESTING RESULTS, ANNZALED TYPZ I MIL-G-25667 


TESTING METHOD - BSAM LOADING - 4 AND 12 IN. SPAN, 


TESTING MACHINS - INSTRON, LOADING RATE 5000 PSI/MIN. 


Center 
Tension 


psi 


Breaking 
Load Fracture 
lb. Origin 
700 Iz 
803 Ie 
684 IE 
767 Ie 
746 Ie 
799 0.84" 5 
675 Ic 
740 Ie 
800 Ie 
778 Ie 
323 = 
780 Ic 
203 Ic 
681 Iz 
737 IE 
710 Ie 
661 5 
891 Ie 
990 Ic 
673 Ic 
552 0.08" On 
772 Ie 
918 IE 
880 Ie 
608 Ie 
926 Ic 
816 Ig 
960 Ic 


Fracture Breaking 
Origin Stress 


Factor __psi _ 


11400 
13200 
11200 
12600 
12200 
10300 
11200 
12300 
13200 
12800 

5400 
13200 
12700 
11500 
12200 
11800 
11000 
14700 
16400 
11300 

9100 
13000 
apace 
14700 
10100 
15400 
13400 
16000 


) 
xo 


all aol ell el ell seed ee el ol el ol old Od oe od oe 
Ne) 
roe) 


Mean 
12410 
SD 
2260 
High 
16400 
Low 


5400 
Range 
11000 


TABLE 47 
seme. wel NDIVIDQUAL TESTING ReSULTS, 1/2 TEMPER TYPe I MIL-G-25667 
SaXPLi: SIZE 3 x 13 x 1/2 IN., TuSTING McTHOD - 34M LOADING - & «ND 12 IN. SPAN, 
ToSTING MACHING = INSTRON, LOADING RaTl 5000 PSI/MIN. 


Average Average Center Average Surface Surface Breaking Fracture Breaking 
Saaple Thickness adidth Tension DSR Compression To Center Load Fracture Origin Stress 
wWNQs wth tae psi. Reading pal filatio Jb, Origin Factor pal. 
1 4825 3.00 4196 158.3 9523 2.27 998 Ie 1 17100 
2 4905 2.97 4426 161.0 9689 >a 1352. 0.30" Oz 92 21000 
2 4880 2.98 18 177.0 10652 2.41 1092 Ie 1 18500 
4895 2.97 4371 180.3 10847 2.48 1216 Ie 1 20500 
5 4895 2.98 30 183.5 11043 2.49 1184 Ie 1 1 
6 34500 2.98 4239 186.0 1107 2.61 1124 Ie 1 18900 
? 04733 2.98 “3 183.8 1105 2.53 1352 Ic 1 2% 300 
8 4895 2.98 8 160.5 9659 2.15 1294 Ie 1 21700 
9 34825 3.02 450 179.0 10772 2.42 1416 Ie 1 24200 
10 mye) 2.99 4307 187.3 11269 2.62 1180 Ie 1 21100 
11 4885 2.99 4 266 173.5 10742 2.52 1184 Ie 1 19900 
12 4810 2.99 LL6L 173.3 10426 2. 1328 Ie 1 23100 
1 34?! 3.02 4373 176.0 10592 2.42 1218 Ie 1 21200 
1 -4£00 3.03 3 157.5 78 2.15 1432 Ie 1 24700 
1§ 04795 3.00 WLOS 180.3 10847 2.46 1282 Ie 2 22300 
16 .49'20 2.98 4375 189.0 11374 2.60 1220 Ic 1 20300 
17 -4798 3.02 5 181.0 1089 2.47 282 Ic 1 17100 
18 04925 2.97 4450 174.8 1051 2.36 1480 Ie 1 700 
19 34965 2.97 1328 160.0 9629 2.21 1316 Ie 1 21600 
20 -49)30 2.96 4381 179.8 10817 2.47 1538 1.0" OB 75 19300 
21 456 3 2.99 4384 180.5 10862 2.48 1578 Ic 1 2 
22 24923 2.97 4213 173. 1041 2.48 1256 Ie 1 
3 obOL 2.97 430 172. 10396 2.42 16 Ie 1 2” 
450 3.00 435 187.3 11269 2.59 1228 Ie 1 
25 -4960 2.98 4371 173.3 10426 2.39 1468 Ic 1 24000 
Mean Mean Mean Mean 
4360 10570 2.42 aa470 
2510 
HL 
27 
Low 
17100 
R e 
1 
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PaBLe bE 
INUIVIL ob TuSTING RUSULTS, 3/4 TeMPoR TYPe 1 MIL-G-25667 
SaMPL: SIZ. 3 x 1) x 1/2 IN., ToSTING MATHOD = BEAM LOADING - % qND 12 IN. SPaN, 
ToSTING MacHINe - INSTHON, LOADING RATz 5000 PSI/MIN. 


7 average Average Center Average Surface Surface Breaking Fracture Breaking 
sample Thickness width Tension OSH Compression To Center Load Fracture Crigin Stress 
—bOs, din, _dn. psi Reading psi Hatio lb, Origin Factor - psi 
1 4303 3.02 4780 2.11 12698 2.66 1240 Ie 1 21400 
2 ob ed 2.36 5378 2.00 12036 2.24 1618 Ic 1 26800 
2 - 4800 3.00 5306 2, eh 3 2.72 1398 Ie 1 24300 
-4803 2.99 5276 2,20 13255 2.61 1448 Ie 1 25200 
5 800 3.02 S412 2.23 13435 2.48 1568 Ic 1 27100 
6 4798 3.06 523 2h) 12713 2.43 1398 Ie 1 23900 
? 4808 3.03 527 2.31 13917 2.64 1586 Ic 1 27200 
3 04938 2.97 5193 2.01 12081 2.37 1600 O.4" OC 90 23 
9 4830 2.99 5267 2.02 12156 2.31 1384 Ie 1 23 
10 482 2.99 5182 2.02 12156 2.35 1366 Ic 1 staan 
ll ~&BOS 3.00 5208 2.41 14518 2.79 1384 Ic 1 
12 4835 3.00 5184 1.85 11248 2.15 1666 Ie l 28500 
1 -4940 2.98 5760 2-33 13977 2.43 2050 Ie 1 34000 
1 4918 3.02 5412 2.3 14323 2.65 1476 Ie 1 24 300 
15 4858 3.02 5593 2-28 1352 2.42 125% Ic 1 20800 
16 4740 3.02 54.06 Del 1313 2.43 1608 Ie 1 28200 
? 4798 4.00 5299 2.16 12984 2.45 1044 Ie 1 18100 
18 4905 3.00 5293 2.29 13751 2.60 1402 Ie 1 he 
13 4795 3.00 5306 2.01 12111 2.28 1432 0.15% 3 96 
20 04793 3.03 5189 2.07 12427 3-3? 1184 Ie 1 20400 
71 4800 3.02 5 246 2.31 13871 2.64 1458 Ie 1 25100 
22 480 3.04 5225 2.18 13119 eeph 159% Ic 1 27300 
33 2488 2.97 5250 2.13 12803 26 1350 Ie 1 22800 
4878 3.00 5353 1.89 11389 2.13 1732 0.3" S 92 26900 
25 4908 3.00 5363 2.32 13977 2.61 1174 Ie 1 19500 
26 775 3.01 22 2.35 14157 2.71 1332 Ic 1 23300 
27 4805 3.00 5? 2.16 12969 2.47 1512 Ic 1 200 
Mean Mean Mean Mean 
5290 13080 2,47 gore 
3230 
High 
34000 
Low 
18100 


TaBLe 49 
INDIVIDJUaL TeSTING RESULTS, PULL TEMPLR TYP I MIL-G-25667 
SAMPLe SIZ. 3 x 13 x 1/2 IN., TESTING M:THOD - BeaM LOADING - 4 AND 12 IN. SPaN, 
| TesTING M.CHING - INSTRON, LOADING RaTE 5000 PSI/MIN. 

Average Average Center Average Surface Surface Breaking Practure 
Sample Thickness Width Tension DSR Compression To Center Load Fracture Origin 
Na win im. pal. Reading psi fatio lb, _Origin Factor. 

1 4890 2.97 8582 389.5 23440 2.73 1950 Is 1 

2 4915 3.00 8558 363.2 21857 2-3) 1460 Ie 1 

2 «4922 2.98 8388 317.5 19107 2.2 1596 Iz 1 

4940 2.97 8627 359.0 21605 2.50 1696 Id 1 

5 491 2.98 8671 374.2 22519 2.60 1720 Ie 1 

6 492 2.99 8484 384.8 23157 2.73 1694 Ie 1 

7 «4910 2.99 B492 324.0 19498 2.30 1760 Ie 1 
| 8 4920 2.97 8825 335.0 20160 2.28 2000 0.09" Oc 98 

9 4940 2.97 pore 340.8 20505 2.27 1814 IS 1 

| 10 -4938 2.97 903 351.2 21135 2.37 1778 Ie 1 

ll AWS 2.97 8720 327-3 20311 2-38 1716 Ie 1 
12 -4930 3.00 8637 349.5 2103 2. 1950 0.18" 0¢ 96 

1 4942 2.96 8667 367.2 2209 a4 1958 To 1 

1 aN 28 3.01 8633 370.0 22267 2.5 2130 Ie 1 
15 48 2.97 8595 372.2 22399 2.61 2160 0.25" OE He 

16 488 2.97 860 388.2 23362 2.72 1962 Ie 1 
| 17 48 2.97 861 364.5 21936 2.55 1B9e 0.21" OC 95 
18 -4880 2.97 8627 3 2:4 20431 2-87 1740 0.18" OC’ 96 

| 19 ob 20 2.98 8637 345. 20810 2.41 192% Ie 1 

20 AY 2.97 8437 337.0 20281 2.40 1610 Iz 1 

21 04925 e385 8552 342.5 20612 2.41 2240 Ie 1 

22 1209 2.9 8609 346. 20852 2.42 2150 Is 1 

o 49 2.98 8750 381. 22977 2.63 1772 Ss 1 
4888 3.00 8652 384.2 23121 2.67 2040 0.25" OC -% 

25 4885 2.98 1 336.5 20251 2.34 2055 Tg 1 

Mean Mean Mean 
8640 21430 2.48 


790 


pESHEED ELIE STREP TEDEERDEN HE PETE DR PePeRTeMn error rent 


tenet AT LCR RCN tt tte 


TABLE 50 
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667 
SAMPLE SIZE 3 x 13 x 3/4 IN., TESTING METHOD - BEAM LOADING - 4 AND 12 IN. SPaN, 
TESTING MACHINE - INSTRON, LOADING RATE 5000 PSI/MIN. 


Average Average Center Breaking Fracture Breaking 

Sample Thickness Width Tension Load Fracture Origin Stress 
No. in. in. psi -lb. Origin Factor psi 
1 -7378 2.98 170 1060 1.56" OE 61 4800 
2 07420 2.95 165 801 0.42" OE 90 5300 
3 7365 2.96 173 860 0.08" OE -98 6300 
k sipo2 2.95 173 618 IE 1 4600 
5 «7423 2.95 166 968 IE 1 7100 
6 - 7400 2.93 170 1498 IE 1 11200 
i - 7403 2.97 - 274u Iz 1 20200 
7395 2.97 17 1062 0.32" Oz 92 7200 
9 ©7423 3.02 16 800 IE 1 5800 
10 - 7390 2.94 170 611 IE 1 4600 
11 7425 3.00 - 1258 IE 1 9100 
12 -7370 3.00 173 640 IE 1 4700 
13 ©7425 2.94 164 1038 0.72" OE 82 6300 
14 -7403 2.97 172 893 IE 1 6600 
15 - 7400 2.97 181 512 IE 1 3800 
16 -7383 2.98 173 774% 0.91" OE 73 L400 
17 7385 3.01 180 730 IE 1 5300 
18 -7398 3.00 - 543 IE 1 4.000 
19 -7395 2.96 160 1141 IE 1 8500 
20 - 7390 2.92 163 771 0.53" Of 87 5000 
21 -7418 2.95 177 1510 2.31" OE 43 4800 
22 7388 3.01 176 859 0.32" OE 92 5800 
2 - 7398 2.90 172 763 0.92" Of -77 LLOO 
2 7388 2.94 170 1380 1.02" OE 74 7700 
25 - 7400 2.95 170 1236 IE 1 9200 
Mean Mean 
171 6670 


TABLE 51 
INDIVIDUAL T&STING R2SULTS, FULL TEMPER TYPE I MIL-G-25467 - 
SAMPLE SIZE 3 x 13 x 3/4 IN., T&STING M3THOD ~ BSAM LOADING - 4 AND 12 IN. SPAN, 
TESTING MACHINE - INSTRON, LOADING RATE 8000 PSI/MIN. 


| Average Center Average Surface Surface Breaking Fracture Breaking 
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress 
No. in. psi Reading psi Ratio lb. Origin Factor psi 
1 7415 9568 436.2 26254 2.74 5700 Ie 1 41900 
2 -7400 9504 457.8 27547 2.90 130 0.50" ee . 88 32700 
3 7415 9559 4Uh1.8 26585 2.78 710 0.18" oc 95 32700 
i -7410 9660 425.5 25607 2.65 4890 OE 91 33300 
5 w7HLS 9853 452.2 27216 2.76 5000 Ie 1 36600 
ra .74.22 9762 9.2 27036 2.77 5320 IE 1 rai 00 
7 7425 9551 458.8 27608 2.89 6100 Ie i 1800 
8 .7422 9677 401.8 24177 2.50 4960 IE 1 36800 
9 7412 9402 466.2 28059 2.98 4290 If 1 31000 
10 -7388 9617 464.5 27954 2.91 4320 Iz 1 32600 
poh -74 28 9802 460.0 276 3 2.82 4370 IE 1 32100 
12 7408 9551 462.2 2781 2.91 260 IE 1 38100 
na 7425 9711 468.8 28209 2.90 920 Iz 1 36100 
1 oPiae 9687 432.8 26043 2.69 4960 Ie 1 35600 
15 pe 9602 489.0 294-2: 3.06 4910 IE 1 35700 
16 ~7492 9657 44,2 26038 2.75 9900 IE 1 41000 
17 74.28 9574 422.5 2542 2.66 5220 IE 1 38600 
18 7398 9779 481.5 28977 2.93 5240 Ie 1 38900 
19 - 9653 426.5 25667 2.66 410 IE 1 38800 
20 -7410 9677 W422 26615 2.75 84.0 IE 1 4900 
21 ~-7410 9745 429.8 25862 e162 5400 IE 1 100 
22 7440 9562 452.0 27201 2.8 5400 0.38" OC 91 34900 
23 PES 9660 7.0 26900 2.78 4000 0.10" OE .98 28500 
ak «7390 2208 i220 hee see ae 0.25" . : 94 37800 
) 20. 2 2.62 0 ce 
5 74388 3n17 402, 50349 f 2,40 12 Ic 1 34000 
Mean oe Mean Mean 
9640 26830 2.78 36500 


